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ABSTRACT / 
The work described in this Ph.D. Thesis is the outcome of the ideas framed 
while studying the literature on the development in the area of coordination 
chemistry. It was aimed to synthesize some structurally and biologically 
significant coordination compounds of first row transition metals incorporating 
the tripodal ligands viz., Tris(2-aminoethylamine) (tren); Tris(3-
aminopropyI)amine (trpn); 3,3\3'' nitrilotripropionic acid (ntp); 4-amino-3,5-
bis(pyridin-2yl) 1,2,4 triazole( abpt) and Acetylhydrazine (ah). The entire work is 
divided into six chapters. 
Chapter 1 gives a brief but comprehensive discussion on coordination 
chemistry and its relevance with respect to medicine, biochemistry, bioinorganic 
chemistry, environment, industrial, photochemical, photophysical , 
photoelectronic etc. A special attention has been devoted to tripodal amine 
systems, 1,2,4-triazoles and hydrazine derivatives and their role in the 
development of coordination chemistry. A systematic coverage of the work 
carried out by well known chemists and biochemists on these ligand systems 
incorporating the synthetic strategies, functional modifications, reactivities and 
applications has also been described. 
The chapter 2 discusses the basic principles, theories and the applications 
of various physico-chemical methods viz., elemental analysis, conductivity, FT-
IR, 'H-NMR, E.P.R., UV. Visible and X -ray crystallography used to establish 
composition, nature of bonding, overall molecular geometry and structures of 
%^J^^^ 
hitherto unknown complexes. The biological activity and DNA binding affinity of 
some complexes have been accounted by agar well diffusion and fluorescence 
methods. 
The chapter 3 consists of the synthesis and characterization of 
mononuclear ternary complexes of few first row transition metals with 4-amino-
3,5-bis(pyridin-2-yl)-1,2,4 triazole (abpt) and tris(2-aminoethyl) amine(tren). 
[M(tren)(abpt)](N03)2.(H20)n [M - Mn, Fe, Co, Cu, Zn (n = 2), Ni (n = 2.25)J. 
The stoichiometry, bonding and overall geometry of the complexes have been 
deduced by elemental analysis, molar conductance values, spectral studies and 
magnetic susceptibility measurements. A detailed molecular structure of Ni(II) 
complex has been determined by single X-ray crystallography. The coordination 
of both tren and abpt moieties to metal ion has been inferred from the prominent 
I.R. spectral bands in the regions 3195-3280 cm"' and 1565-1615 cm"' 
respectively ascribed to coordinated VNH2 and 5NH2 vibrations of tren moiety, 
The positive shift in the out-of-plane (418-430 cm"') and in-plane ring 
deformations (617-628 cm'') of pyridine ring of abpt suggested its coordination to 
metal atom. However a negative shift in the u(C=N) vibration suggest the 
coordination of one of the nitrogen of triazole ring of abpt to metal atom. A 
downfield shift in proton resonances of pyridine moiety as compared to free 
pyridine of abpt in ' H - N M R spectrum of Zn(II) complex complement the IR 
spectral findings confirming the coordination of pyridine nitrogen to metal ion. 
The observed magnetic moments and band positions in the electronic spectra of 
these complexes confirm an octahedral environment around metal centers except 
3 
for Cu(II) where an octahedral distortion in the geometry has been noticed and 
confirmed by EPR findings. The calculated higher gu as compared to g± suggest 
that the d ^ ^ i s the ground state. The crystal structure of the complex, X -y 
[Ni(tren)(abpt)](N03)2(H20)2.25 crystallized in the monoclinic space group. P2|/n 
with a = 15.857(3) A", b = 10.658(2) A°, c = 16.111(2) A", p = 90.47(1)" and Z = 
4. The crystal structure revealed that the Ni(II) binds to the four nitrogen atoms of 
the tren and nitrogens of each triazole and pyridine moieties of abpt ligand 
maintaining an octahedral environment around Ni(II) centre. These complexes 
show antibacterial activity against S. aureus and E. coli. 
Chapter 4 deals with the synthesis of mononuclear ternary complexes of 4-
amino-3,5-bis(pyridin-2-yl)-l,2,4 triazole involving tris(3-aminopropyl)amine (trpn). 
[M(trpn)(abpt)](C 104)2 (M = Mn, Fe, Co, Ni, Cu, Zn). The complexes dissolve in 
DMSO, water, methanol and acetonitrile and molar conductance values measured in 
DMSO indicate the 1:2 electrolyte nature of the complexes. IR spectra of all the 
complexes show bands characteristic of functional groups of trpn and abpt moieties 
after coordination to metal ions at their expected positions. The coordination of both 
trpn and abpt moieties to the metal center was inferred by tlie appearance of strong 
intensity bands in the regions 410- 440 cm'' and 215-235 cm"' corresponding to v 
(M-N)trpn and u(M-N)abpt vibrations, respectively. The ' H - N M R spectrum of the 
Zn(II) complex show proton resonance signals of coordinated trpn and abpt moieties 
which appear at their estimated positions. The observed magnetic moments and the 
absorption bands in electronic spectra recorded in DMSO indicate an octahedral 
geometry around Mn(II), Fe(II), Co(II) and Ni(II) ions while a distortion in octahedral 
geometry around Cu(II) has been inferred. The EPR spectrum of the polycrystalline 
Cu(II) complex shows a single band with gn >gi~ 2.24 suggesting that d^,^, is the 
ground state and the G value <4.0 suggests considerable exchange interaction 
between Cu^ ^ ions in the complex. 
'fhe structure of the Ni(Il) complex has been determined by single X-ray 
crystallography. The X-ray analysis revealed that the complex crystallizes in the 
monoclinic space group, P2i/n with a = 8.3835(3) A°, b = 20.4591(2) A°, c = 
16.9702(2) A° , p - 95.443(1)° and Z = 4. The crystal structure consists of a 
discrete [Ni(trpn)(abpt)]^'^ octahedral cation and (€104)2^' anions. The octahedral 
environment around the Ni(II) ion is composed of four nitrogen donors from the 
trpn ligand and two nitrogens of both triazole and pyridine moieties of abpt ligand. 
The complexes were found to be prone towards antibacterial growth. 
Chapter 5 comprises of synthesis of complexes of few first row transition 
metals with acetylhydrazine (ah) formed in situ by the reaction of acetylsalicylic 
acid methyl ester with hydrazine hydrate, [M(ah)3](C104)2 [M ='• Mn, Fe, Co, Ni, 
Cu, Zn]. The confirmation regarding the stoichiometry and the nature of these 
complexes has been drawn by results of elemental analyses and conductivity data. 
respectively. The appearance of a distinct u (M-0) band in the 510-528cm"' region 
and a sharp band in the 398-415 cm"' region corresponding to v (M-N) vibration in 
the IR spectra of all the complexes confirm that the acetylhydrazine coordinates to 
metal ion via both carbonyl oxygen and terminal amine nitrogen atoms. 
!.> A 
The ' H - N M R spectrum of the Zn(II) complex shows a triplet at 6.18 ppm 
(3H, NH) and a doublet at 6.58 ppm (6H, NH2) corresponding to the NHNH2 group 
of acetylhydrazine ligand The octahedral geometry around the metal ions Mn(II), 
Fe(II), Co(II), Ni(II) and Cu(II) in the complexes has been deduced from the observed 
magnetic moments and electronic spectral studies. The X-ray analysis of the 
complex, [Ni(ah3)](C104)2 was undertaken to ascertain the mode of coordination of 
acetylhydrazine and to assign the molecular structure. The complex crystallizes in ihc 
triclinic space group, PI" with a = 10.480(3) A", b = 10.505(2) A", c = 9.750 (2) A", 
a = 105.16 (3)°, p = 106.72(2)°, y = 111.40(3)° and Z =2. The crystal structure 
revealed that three acetylhydrazine ligands coordinates to the Ni(Il) ion via their 
carbonyl oxygen and terminal amine nitrogen atoms forming five membered 
chelate rings. 
Chapter 6 describes the synthesis of novel coordination polymers of the 
type, [H2en][ntpMCl2]n [M = Zn, Cd, Hg; ntp = 3, 3 \ 3 ' ' - nitrilotripropionic acid; 
en = ethylenediamine]. Ntp which exists as Zwitterion. 
[NH^(CH2CH2COOH)2(CH2CH2COO)-] in aqueous medium results a ditopic 
anion, ntp " on successive deprotonation by en. Thus en acts as cation based 
template resulting in coordination polymers involving [ntpMCb]'^ building units 
maintained via hydrogen bonding interactions. The compounds have been 
characterized by elemental analyses, conductivity, IR, and ' H-NMR spectroscopic 
studies. 
The IR spectra of all the complexes consist characteristic IR bands for 
protonated amine cation and carboxylate groups. The 'H-NMR spectral results of 
c 
these complexes in D2O indicated a breakdown of helicate structure by loss of 
hydrogen bonding interactions. The X-ray analysis performed on a single crystal 
of Zn(II) complex revealed a single stranded helical structure sustained by both 
coordinate and hydrogen bonds. The geometry around each zinc center is 
tetrahedral defined by two oxygen donors from different ntp ligands and two 
chloride anions. The complex crystallizes in the monoclinic space group, P2)/n 
with a = 10.083 (1) "A ,b = 11.426(2) °A , c = 15.546(2) °A, (3 = 106.731(10)° and 
Z = 4. 
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CHAPTER-1 
This chapter gives an account of the general 
introduction to the basic information related to the 
chemistry of coordination compounds and the 
ground work available in the literature. 
^alp^l 
GENERAL INTRODUCTION 
A tremendous amount of expansion and development in the area of 
coordination chemistry has exposed various facets including macrocyclic 
chemistry and supramolecular assemblies'" .^ A proliferation in this area o\' 
research is not only due to design of ligand systems with varying functionalities^ 
synthetic strategies or advancement in techniques but also due to multiple 
applications of these compounds viz., medicinal^''°, biochemical "'^\ 
bioinorganic '^*'^ *, environmental^ '"^^ industrial^ '*'''^ , photochemicaP -^^ ^ 
photophysical"'''', photoelectronic'*°'^ ^ etc. The pioneering work carried on both 
trace as well as abundant elements generated coordination compounds which 
mimic the biologically significant metalloenzymes and metalloproteins^^ '*^ "^ ,^ act 
as models to understand biochemical effects in-vitro or in-vivo"*^  "** extending hope 
and promise for treatment of various diseases '^"'''* '^^ °, developing photochemically 
driven molecular devices^ '"^ ,^ functional models for water oxidation catalysis in 
photosystem-II^ "^  and in catalytic photocleavage of water '^', design of multinuclear 
structures capable of directing and modulating electron and energy transfer 
processes '^'^ .^ 
It goes without exaggeration to mention that the voluminous work carried 
out in coordination chemistry and the vivid applications can not be contained in 
these few pages as it is beyond the imagination and manifestations to conceive 
and extract the findings from hundreds of reviews and articles and thousand of 
publications reported by eminent chemists of the world. 
i Chapter -1 
Though the famiUarity with metalloenzymes and metal ion activated 
enzymes tend to direct attention from the dynamic equilibria involving many other 
complexing species that are present in biological fluids and living tissues, 
competing for different metal ions but to understand the driving forces that lead to 
the formation of catalytically active complexes of enzyme-metal-substate(s), iJie 
ternary complexes have been implicated^ '^" in the storage and transport of metal 
CO 
ion itself and of active substances through membranes . Thus the study of ternary 
complexes became an important area of research activities due to their application 
in analytical chemistry and metal catalysed reactions '^'^ °. A variety of ternary 
complexes of transition metal ions particularly of copper have been studied 
through kinetic, potentiometric, pH-metric and polarographic methods"^'^^ 
investigating their formation, discriminating and stability properties. The mutual 
influence of two ligand bonded to the same metal ion indicate the self-organizing 
ability of metal ion inherent even in mixed ligand systems of low molecular 
weight which is significantly important in biological systems. A number of 
biologically significant ternary complexes of transition metal ions incorporating 
tren have also been reported^ '^^ . 
The coordination chemistry of hydrazine derivatives including monoacid 
hydrazide, diacid hydrazide and schiff base hydrazones has been extensively 
investigated due to their biological activity and variable potential binding abilities 
for complexation with transition metals as well lanthanides^ '^^ .^ These moieties 
have been further functionalized through suitable matrices based on chelating 
bis(hydrazide) ligands containing the neighboring strong donor groups such as 
Chapter -1 
second hydrazide group, amide, hydroxamic, oxime or amine function wiiere 
external donor sites can provide appropriate pathways for exchange interaction 
between metal ions making the initial mononuclear complexes as building blocks 
for design of polynuclear compounds exhibiting specific magnetic properties . 
The metal directed self-assembly of organic ligands with intriguing 
topologies has been extensively studied^ '^^ ° due to potential relevance of such 
compounds in catalysis^'. An important objective is also the synthesis of new 
higher soluble metal complexes useful for testing distinctive reactivity pattern of 
multimetallic system. A biologically interesting donor is the carboxyl group which 
co-exists with nitrogen atom in several relevant species. 
The polycarboxylate ligands have been shown to be an attractive prospect 
in the synthesis of polynuclear metal complexes with special interest in 
polynuclear Mn-carboxylate complexes inorder to procure synthetic modeling of 
Mn metalloenzymes and study of high ground state spin systems as new 
magnetic materials^ .^ Polycarboxylate ligands having an array of possible binding 
modes including syn / anti-monodentate, bidentate, bridging and terminal lead to 
generate the different structural types^ "*'^ ^ such as discrete polynuclear cluster^ ,^ 
77 7R 
one dimensional chain and two dimensional layer structures in +2 and +3 
oxidation states. 
A brief but comprehensive review of the research work carried out on the 
ligand systems and their complexes included in the thesis has been described in 
the following paragraphs: 
Chapter -1 
There have been extensive and elegant studies on coordination chemistry 
of transition metal ions with tripodal tetradentate ligands (Fig. 1) in view of the 
immense biological relevance of these complexes. 
Fig.l 
Tetradentate tripodal ligands consist of a central donor atom X attached to 
three arms, containing donor atoms Y linked via methylene group(s) involving 
identical sets or combination of the donor atoms N, S, 0 , P. 
A few dozen of such ligands with varying lengths of the arms and nature 
of N-donor atoms on each arm have been reported (excluding their alkylated and 
substituted derivatives). Recently, Blackman^^ has reviewed the coordination 
chemistry of these ligands but much of their coordination chemistry remains 
unexplored thus makes the basis for further expansion in this area. 
Although tripodal tetramine ligands viz., 4-Aminobutyl bis(3-
aminopropyl)amine, abbp (Fig.2) and Tris(3-aminopropyl)amine, trpn (Fig.3) 
have been reported to be present in natural systems such as in the aquatic plants 
Potamogeton distinctus and Sagittaria trifolia L?° and also in the thermophilic 
I Chapter -1 
eubacteria T. thermophilus HB8, T. filoformis Wai 33 Al, T. flavus AT-62 and T. 
Caldophilus GK 24 '^ but majority of such ligands have been synthesized in the 
laboratory. 
H,N' 
NH2 
Fig.3 
Tris(2-aminoethyl)amine, tren (Fig.4) was the first tripodal tetramine 
ligand synthesized way back in 1896 by Ristenpart^ ^ as its trihydrochloride salt 
from the reaction of 2-bromoethylphthalimide with dry ammonia leading to the 
formation of tris(2-phthalimidoethyl)amine followed by deprotection using HCl 
(Scheme-1). The free base ligand is now commercially available. 
NH2 / 
^ NH2 
Fig.4 
Chapter -1 
0 
.Br + NH: 
0 
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Chapter -1 
Mann and pope^^ studied the coordination cliemistry of tren with a number 
of metals and generally it was found to bind as a tetradentate ligand to a single 
metal ion but other binding modes have also been envisaged viz., 
i) Monodentate. ligand bound through a primary N atom^'' 
ii) Bidentate ligand presumably through the tertiary and a primary N 
atom^^ 
iii) Tridentate ligand bound through the tertiary and two primary N 
atoms^ *^  
iv) Bridging ligand between both two and three metal ions^^ 
There were no crystallographically characterized examples of four 
coordinate [M(tren)]""^ complexes, owing presumably to the inability of the ligand 
to accommodate a suitable geometry. However, examples of both monomeric 
five-coordinate^", six-coordinate complexes^"''^ '' and a few examples of tren 
complexes containing a metal ion with a coordination number greater than six 
have been reported ' . Amongst many metal ions with which tren forms 
complexes the best studied is Co(III) and hundreds of complexes of the type, 
[Co"'(tren)(L)2]"^, [(L)2= one bidentate or two monodentate ligands] have been 
reported .^ Complexes of tren with all first row transition metals except vanadium 
have been synthesized, but complexes of the second and third row transition 
metals are less numerous. 
f Chapter-1 
Wieghardt and coworkers^' have synthesized a series of 
octahedral complexes containing the M(tren)-fragment and an 0,N-
coordinated ( L ' ^ ^ ) or ( L ' ^ ^ ) ' ' ligand [ L ' ^ ^ = o-iminobenzoquinone 
and (L ' ^*^ ) ' ' = o-iminobenzosemiquinonate (l-)7t radical] viz., 
[Ni"(tren)(L'^^)](PF6)2,[Ni"(tren)(L''^)(C104)],Co'"(tren)(L"''^)](C104)2 
•O.5CH3OHO.5H2O and [Fe"'(tren)(L'^'^)](ClO4)2-0.5CH3OH0.5H2O. All the 
compounds contain an octahedral cation [M(tren)(L'^^ or L'^^)]""^ with a 
tetradentate tren ligand and either an 0,N-coordinated (L '^^)° or an 
In view of the importance of iron-oxo interaction in chemistry and 
biochemistry there has been considerable interest to develop the chemistry of 
polynuclear iron-oxo aggregates^ '^^ '^  in order to study the formation of possible 
model compounds to understand the nucleation and propagation of high nuclearity 
iron-oxo-hydroxo aggregates of iron storage protein ferritin^"*'^ '. Iron provides a 
number of examples of polynuclear complexes containing tren ligand viz., 
i) Tetranuclear complex, [{Fe2(tren)2(n-0)}2 (^4-P04)](C104)5-2.5 H2O 
where the four Fe(III) ions are bridged by a single phosphate ligand formed from 
the reaction of Fe(CI04)3-9H20 with 4-nitrophenylphosphate and tren in MeOH. 
The interesting feature of this complex is that the bridging PO4''' group was a 
hydrolytic product of a phosphate monoester which was used as a precursor 
together with an Fe"'-polyamine complex suggesting that the Fe"'-polyamine 
actually expedites the hydrolytic cleavage of the ester bond in phosphate 
monoester'^. 
f Chapter-1 
ii) Hexanuclear,[Fe6(H4-0)2(^2-OMe)8(OMe)4(tren)2](CF3S03)2-2MeOH 
results from the solvolytic aggregation of the [Fe302(OH)(tren)3]'*^ ion in MeOH'^ ^ 
iii) Octanuclear iron complex, [Feg05(OAc)8(tren)4](CF3S03)6. 5MeCN 
which features a four coordinate square planar oxo bridge obtained from air 
oxidation of a mixture of [Fe(tren)(0Ac)2] and Fe(CF3S03)2-2MeCN in 
butyronitrile^^. 
In all these complexes, the tren acts as a type of capping ligand which 
mediates the otherwise uncontrolled polymerization of Fe-oxo species. Other 
multinuclear tren complexes based on hexacyanometallates include heptanuclear, 
[{Cu(tren)CN}6Fe](ClO4)8-10H2O obtained from a mixture of Cu(C104)2-6H20 , 
tren and K3[Fe(CN)6]^^ while the pentanuclear cation, [{Cu(tren)CN}4Fe(CN)2]'^ 
with mutually trans bridging cyanide ligands is present in 
[{Cu(tren)CN}6Fe][{Cu(tren)CN}4Fe(CN)2][Fe(CN)6]4-6DMSO-21H20. 
A mixed valence binuclear complex with tren, [Mn202(tren)2](CF3S03)3 
has been synthesized ^ and its structural properties were compared with 
[L2Mn02MnL2]^* ( L = bpy, phen)'"". It has been found that the redox potential of 
tren complex has been shifted to lower potential by 0.42 volts as compared to the 
bpy and phen complexes indicating that it has greater reactivity towards dioxygen/ 
and water and thus becomes the basis towards understanding of the role of Mn in 
the oxygen evolving complex of photosystem-II and Mn aggregation chemistry in 
general. 
10 
Chapter - J 
Dioxygen activation chemistry by dicopper complexes is of current 
interest for understanding the reaction mechanisms of dioxygn activating dicopper 
proteins in biological systems and utilizing metal complexes as oxidation 
catalysts. Various types of synthetic CU2-O2 complexes have been developed by 
tuning the coordination environments '^'"^*. A variety of tetradentate tripodal 
ligands have been designed for modulating the streochemical and electronic nature 
of copper(I) and copper(II) complexes. Karlin and coworkers'°' have 
demonstrated that a copper(I) complex having a tetradentate tripodal ligand, 
tris(2-pyridylmethyl)amine, tmpa (Fig.5) [Cu(tmpa)(NCCH3)]' reacts with O2 to 
form a trans-(n-l,2-peroxo)dicopper (II) complex, [Cu2(02)(tmpa)2]'^ ^ in a trigonal 
bipyramidal structure. Kitagawa and coworkers'°^ have synthesized a new 
sterically hindered tetradentae tripodal ligand, bis(6-methyl-2-pyridylmethyl)(2-
pyridylethyl)amine, Me2-etpy and its deuterated analogue, d4-Me2-etpy. Copper-
(I) complex [Cu(Me2-etpy or d4-Me-etpy)]'^ reacts with dioxygen at -80^C in 
acetone to give bis(|j,-oxo)dicopper(III) complexes [Cu2(0)2(Me2-etpy or d4-Me2-
etpy)2]* and the latter was crystallographically characterized. 
Fig.5 
\ 
^ W 
Chapter -1 
Hahn and coworkers'^^ have studied the coordination chemistry of Cu(II) 
with tripodal tetramine ligands owing to the fact that copper complexes with 
tripodal tetramine ligands have been used to model the active sites in copper 
proteins containing type 3 dicopper center such as haemocyanin He'* . They have 
synthesized and structurally characterized a series of trigonal bipyramidal Cu(ll) 
complexes (scheme 2) where both symmetric and unsymmetric tripodal tetramine, 
N4 ligands are bonded to Cu(II) ion. 
Cu(0H)2 + N4 
H,0 
Cu(OH)2(N4) 
2H2O 
-NH3 2NH4PF6 
2PFc 
Scheme -2 
N4 = N{(CH2)2NH2}3 , N{(CH2)3NH2}3, [{N(CH2)2NH2}2{(CH2)3NH2}], 
N[{CH2)2NH2}{(CH2)3NH2}2] 
12 
c^hapter-h 
Mimicking the structure and function of mononuclear non-haeme iron 
enzymes e.g., intradiol-cleaving catechol dioxygenases which catalyses the 
insertion of dioxgen into catechols has been an important goal in bioinorganic 
chemistry during the past decade^ '^'*''. Que and coworkers reported an Fe(IlI) 
complex of a tetardentate tripodal ligand tmpa, the most efficient biomimetic 
model compound for intradiol cleaving dioxygenases derived by systematic 
variation of tetradentate tripodal ligands in which functional groups were changed 
from phenolate to carboxylate to pyridine in order to alter the electron donating 
properties of the ligand^ .^ Recently, Krebs and coworkers^^ investigated the 
catechol dioxygenase reactivity of iron(III) complexes using tripodal ligands with 
varying chelate ring sizes in the highly active ternary complex, 
[Fe(tmpa(dbc)]B(C6H5)4 ( dbc = 3,5-di-tert-butylcatecholate dianion) using tmpa 
of different arm lengths resulted by insertion or removal of methylene spacers 
affecting the reactivity of the compounds. 
DNA strand scission reactions are of considerable interest both in 
understanding the ubiquitous phosphate ester hydrolysis reactions carried out in 
nature and in designing new artificial restriction enzymes. Many of the enz\ mes 
which carry out nucleophilic displacement reactions on phosphate esters require 
metal cations for activity'"'* and several model systems have elucidated the 
importance of an intramolecular attack of hydroxide coordinated to a metal cation 
on the phosphate ester to achieve a nucleophilic substitution'" '^'"^. Small 
molecular DNA cleaving agents have been developed by coupling instead redox 
active metal ions to a DNA binding moiety'"^ The stability of phosphate diester 
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backbone and its resistivity to hydrolytic cleavage poses a challenging situation 
for the development of artificial nucleases for their uses in molecular genetic and 
genetic engineering. Metal complexes'^^''"^ which are ideally catalytic have been 
proved to be preferred over sequence specific binding agents'"^'" for hydrolytic 
cleavage of DNA. Owing to the biological importance of metal - nitrogen bond in 
complexes with nucleobase^^'^'' and the fact that [Ni(tren)]^* catalyses the 
hydrolysis of bis-(4-nitrophenyl)-phosphate at 75°C in alkaline medium"*', 
Marzotto and coworkers '^^ '^ '* prepai-ed some metal complexes of the tren with 
various steric hindrances and hydrogen bonding, such as Ni(II) complexes with 
octahedral geometry or Cu(I) , Cu(II) and Zn(II) with trigonal - bipyramidal 
geometry. They demonstrated by X-ray crystallography that bulky octahedral 
complex, [Ni(tren)(H20)Cl]Cl-H20"^ can react with adenine (HAde) and 
selectively recognize its pyrimidine nitrogen forming octahedral 
[Ni(tren)(Hade)Cl]Cl complex in which a new exclusive Ni-N (pyrimidine) bond 
occurs^''. In order to check the molecular recognition of DNA nitrogen binding 
sites by tren metal complexes and in particular to verify whether the pyrimidine 
nitrogen is also the preferential binding site for five coordinate complexes with 
lower steric hindrance, they have also synthesized^^ and studied the [Cu" 
(tren)(H20)]Cl2, [Cu"(tren)(HAde)]Cl2, [Cu"(tren)(HAde)][N03]2 and [Cu"(tren)-
(Ade)]C1.2H20 complexes. They also reported crystal and molecular structure of 
[Cu"(tren)(Ade)]Cl-2H20 which featuring a selective Cu(II) bonding to the 
imidazole nitrogen site of monodeprotonated adenine. 
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Metal complexes that can cleave peptide bond under mild conditions have 
been found useful for structural activity studies of proteins, investigation of 
protein structural domains and in converting large proteins into smaller fragments 
that are more amenable for sequencing'"'. In addition such reagents are also 
helpful for the chemical modification or heavy atom labeling of proteins'''"'•\ Co'" 
complexes are known to induce the hydrolysis of peptides and model studies were 
carried out to investigate the mechanism of peptide cleavage reactions by using 
small peptide molecule'^. In view of the fact that Co"'-(amine) complex 
mediated'^  the cleavage of amide bond, Bemal and coworkers were prompted to 
further investigate the scope of peptide bond cleavage. Recently'^  it has been 
shown by these workers that cleavage of the peptide bond occurs when P-alanyl-
L- histidine (camosine) reacts with Co"'-amine complexes viz., [Co(tren)Cl2]"' and 
[Co(trien)Cl2]'^  [Where trien = 1,4,7,10-tetraazadecane]. Reaction of P-aianyl-L-
histidine with an equimolar amount of [Co(tren)Cl2]'*" resulted in the formation of 
[Co(tren)(histidine)]*^ 1 while P -alanine fragment was separated out. However. 
when P-alanyl-L- histidine was treated with two equivalent of [Co(tren)Cl2]"' both 
1 and [Co(tren)( p -alanine)]"^^ 2 were obtained which demonstrated the stepwise 
nature of the reaction. Depending upon the mode of coordination tlirough nitrogen 
or oxygen atom of the amide group two possible different pathways of the 
cleavage of peptide bond occurred (scheme-3). The exclusive formation of 
[Co(tren)(histidine)]'^ ^ 1 from a equimolar reaction between of [Co(tren)Cl2]^ and 
P-alanyl-L-histidine could only be explained by pathway 1, where the second 
attack has to be through the nitrogen atom of the peptide linkage. On the other 
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hand, a second attack through the oxygen atom of the peptide Jinkage, pathway 2, 
would form [Co(tren)(histidine)(P-alanine)]*. Similarly the reaction between [cis-
P-Co(trien)Cl2]^ and (3-alanyl-L-histidine in an 1:1 molar ratio produced [cis-a-
Co(trien)-(histidine)] '^*' and crystallized as [cis-a-Co(trien)(histidine)](C104)2. 
While the reaction in 2:1 molor ratio did not produce the [Co(trien)( p-alanine)]^ "*^  
species rather the piesence of uncoordinated p-alanine and excess of 
[Co(trien)Cl2]Cl confirmed by column chromatographic and spectral studies. 
However, a direct reaction of [Co(trien)Cl2]CI with ^-alanine resulted in the 
formation of [Co(trien)(p-alanine)](C104)2. 
NH, \ /H -^  > 
/ 
1+2 
-NH 
Scheme-3 
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The addition of another CH2 group in the ethylene bridging chains of tren 
produces a more facultative"^ ligand, tris(3-aminopropyl)amine abbreviated as 
trpn whose structure potentially allows the formation of tetrahedral complexes. 
The ligand, tris(3-aminopropyl)amine (Fig.3) was first prepared as the 
tetrahydro chloride hemihydrate by Mann and Pope in 1926, in an analogous way 
as tren except that 3-(bromopropyl)phthalimide was used instead of 2-
(bromoethyl)phthalimide. They have also reported a few complexes namely 
[Ni(tipn)](SCN)2, [Ni(trpn)(NCS)2][Ni(trpn)l2-1.5H20and [Ni(trpn)] I(OH)-2H20'"'. 
The low values of formation constants (log k) for the 1:1 complexes of 
trpn with Co(II), Ni(II), Cu(II) and Zn(II) in aqueous solution than the 
corresponding values of tren reflect the lower stability of six membered chelate 
rings when compared to their five membered congeners"^ This is further 
emphasized by potentiometric measurements that the predominant Cu(II) complex 
exists between pH 6 and 8 as the hypodentate square - pyramidal cation 
[Cu(Htrpn)(OH2)2]^^ in which one arm of the tripodal ligand is protonated and 
uncoordinated in contrast to the established trigonal-bipyramidal structure of tren 
complex of Cu(II)'°^. A complex, [Cu(trpn)(N3)]C104 has been prepared by the 
reaction of Cu(C104)2-6H20 with trpn and azide in MeOH/H20 which appears to 
be a simple five coordinate mononuclear complex, confirmed as a polymeric 
species in which one arm of the tripodal ligand bridges two Cu(II) ions in 
[Cu(trpnN3)]^n with the help of X-ray crystallography. A similar bridging motif 
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has also been observed in the dimeric complex, [(tren)Cu(trpn)-
Cu(ONO)(OH2)](C104)3"^ 
The chemistry of Co(III) complexes of trpn has been extensively studied 
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and a large number of these complexes have been prepared ' . Crystal 
structures of mononuclear [Co(trpn)(OH2)2][Na(CF3S03)4-H20]"^ 
[Co(trpn)(02S02)] C104-H20'^ °, [Co(trpn)(02CCMe3)](C104)2'^' and binuclear 
[(trpn)(Co02P02Co(trDn)](C104)3-3H20'^^ have been reported. Interestingly, 
[Co(trpn)(02S02)]C104-H20 was the first authenticated example of sulfate 
chelated to Co(III). The [Co(trpn)(OH2)(OH)]^^ ion has been found to be 
particularly effective as a hydrolytic agent'^ " '^''^ ^"'^ ^ for ADP, ATP, AMP, RNA, 
and a variety of other phosphate esters as well as organic esters and nitriles and its 
high reactivity compared to the analogous tren complex has been ascribed to the 
greater flexibility of the trpn ligand which is thought to facilitate intramolecular 
nucleophilic attack of coordinated hydroxide ion at the coordinated substrate. 
However, [Co(trpn)(OH2)OH] was shown to be unstable with respect to 
oxidative N-dealkylation of the trpn ligand and concomitant reduction of the metal 
ion to Co(II) under acidic conditions and hence limits the use of this complex as 
a hydrolytic agent. 
A trpn complex, [Co(trpn)(H20)2] has been shown " to be the most 
active agent promoting phosphodiester hydrolysis . Marzilli and calafat'^^ have 
probed the potential utility of this promising agent in hydrolysis of the 
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phosphodiester bonds in cyanocobalaniin (Vit-Bi2, CNB12) and aquocobalamin 
(Bi2a) suggesting the applicability of this complex with true biological substrates. 
Bridging systems based on 1,2,4 - triazole ring are very interesting 
because of their similarity to 1,3-imidzolate bridging found in copper - zinc 
protein superoxide dismutase'* .^ 1,2,4-triazole derivatives, a class of azole 
compounds can act as either 2,4 or 1,2-bridging nitrogen donor ligands'^ '^ "'^ '. 
Since 1,2- bridging mode is known to yield polynuclear coordination 
compounds'^'•'^' it seemed appropriate to incorporate this mode in a chelating 
ligand system by suitable substitutions on the triazole ring affording interesting 
streochemical prospects and magnetic phenomenon . 
Jarvis reported'^ ° an exobidentate mode of coordination of 1,2,4-triazole 
(trH) leading to the formation of -M-N-N-M- links (Fig.6) in CuCl2(trH) on the 
basis of X-ray analysis where each copper ion possesses a distorted octahedral 
geometry consisting of four chloride ions at the comers of slightly distorted square 
and two nitrogen atoms located above and below the plane of the square. The 
neighboring octahedral groups are joined by sharing Cl-Cl edges and also linked 
by 1,2,4-triazole molecule to form infinite chain as a structural unit in the crystal. 
Reimann and Zocchi reported'''"' an interesting structure involving -Ni-N-N-Ni-
links for Ni(N03)2(trH)2.8/3H20 where linear trinuclear cluster ions, 
[(H20)3Ni(trH)3 Ni(trH)3Ni(H20)3]^ "' exist as structural units and the neighboring 
nickel atoms being bridged by three 1,2,4-triazole molecules. 
^(qtW'i 
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The 3,(4),5 substituted 1,2,4 triazoles have been extensively investigated 
by Reedijk and coworkers. They reported'^ '^'^ ''•'^ ^ mononuclear and / or dinuclear 
complexes of transition metals for the ligand 4-amino-3,5-bis(pyridin-2yl) 1,2,4 
triazole , abpt (Fig. 7) and 3,5-di(2-pyridyl)l,2,4 triazole , bptH (Fig.8) and 
established a preferred chelating behavior involving the nitrogens of triazole and 
the pyridyl group. Rheingold and coworkers'^ ^ revealed an ambidentate behavior 
of the abpt ligand and reported X-ray crystal structures structures of two bidentate 
Fig .7 
W // N \ 0 / N 
^N-N 
H 
Fig.8 
r\ 
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coordination polymers where metal was coordinated to pyridyl and amino 
nitrogens in addition to the usual coordination of the metal to a pyridyl and the 
triazole nitrogen atom. The ligand abpt was first synthesized by Dallacker 
Synthesis, structure and magnetic properties of a series of dinuclear copper (II) 
compounds have been reported'^ * introducing the 3,5-di(2-pyridyl)l,2,4 
triazolato anion as a dinucleating bridging ligand. In order to investigate the 
correlation between these properties more thoroughly, the ligand properties of 
related ligand, 3-(pyridin-2-yl)5-(pyrazin-2yl) 1,2,4 triazole, Hppt (Fig.9) have 
been exploited and dinuclear coordination compounds were reported alongwith 
a novel tetranuclear Cu(II) compound'^' [Cu(^-ppt)(H20)]4(N03)4(H20)i2 
consisting of four copper ions at the vertices of a slightly distorted tetrahedron, 
four deprotonated ligand molecules (ppt) bridging the edges of the tetrahedron 
and four coordinated water molecules. The coordination geometry around the 
copper ion was distorted square pyramidal with a basal plane consisting 
N-N 
Fig.9 
of three ligand nitrogen atoms and one oxygen atom from the coordinated water 
molecules . Dmuclear transition metal compounds "" of the type, 
[M2(abpt)2X4(H20)x] (M = Ni or Co, X = CI, Br or BF4 and x - 2 or 4) formed 
with abpt ligand were found to be interesting not only from the point of view of 
magnetochemistry but also from their ligand field spectra. The crystal structure 
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determination of the nickel compound was undertalcen to prove the dinucleating 
properties of the ligand and for a better understanding of the unusual ligand field 
spectra. The crystal structure revealed that the dinuclear, [Ni2(abpt)2]'"" unit was 
almost planar and the nickel atoms were linked by two triazoles via 1,2 bridging 
mode with an octahedral coordination around Ni centers. 
Reedijk and coworkers'^ ^ employed the ligand abpt to investigate the 
conducting, magnetic and spectroscopic properties of the coordination compounds 
after combination with the radical anion, TCNQ' [7,7\8 8"-
tetracyanoquinodimethanide (1-)], in an attempt to obtain so called molecular 
metals that possess one or more paramagnetic centers , in addition to TCNQ and 
synthesized'-'" the compounds of the type, M(abpt)2(TCNQ)2 ( M = Cu, Ni. Co 
and Fe) analogous to the highly conducting compounds'''°, Cu(phen)2(TCNQ)2 or 
Cu(bpy)2(TCNQ)2 (phen = 1,10-phenanthroline and bpy = 2,2^-bipyridine). The 
X-ray analysis of the Cu(abpt)2(TCNQ)2 revealed that the copper atom elongates 
octahedrally, surrounded by four nitrogens of two symmetry-related abpt ligands 
and by two axial, monodentately coordinating TCNQ' anions. 
The chemistry of ruthenium(II) and osmium(II) polypyridyl complexes has 
received considerable attention due to their well-defined spectroscopic, 
photophysical, photochemical and electrochemical properties^ '^^ ^ with special 
emphasis focused on their use in construction of supramolecular systems''^'''''' 
and in the development of photochemically driven molecular devices^''". In 
addition Ruthenium(II) polypyridyl complexes have also received extensive 
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attention as functional models for water-oxidation catalysis in photosystem II'"' 
and in the catalytic photochemical cleavage of water^ '*. Incorporation of these 
complexes into the design of multinuclear structures capable of directing and 
modulating electron and energy transfer processes was of particular interest^ ''"'^ .^ 
Therefore there has been a detailed investigation on the synthesis and 
characterization of multinuclear ruthenium (II) and osmium (II) polypyridyl 
complexes using negatively charged triazole based bridging ligands''* "^''*^ It was 
shown that relatively strong interaction was obtained between metal centers with 
these ligands, leading to efficient electron transfer and energy transfer 
processes'''^. The effect on the nature of the lowest excited states of these 
multinuclear compounds and on metal-metal interaction, by systematically 
changing the nature of the bridge was- examined and it was found that by using 
ligands such as 3,5-bis(pyridin-2yl)-l,2,4-triazole, Hbpt the lowest energy excited 
state was located on the polypyridyl ligands (i.e. bipy) whilst with the ligand 
3,5-bis(pyrazin-2yl)-l,2,4- triazole , Hbpzt (Fig. 10) the emitting state was 
• N. W 
Fig. 10 
located on the pyrazine bridging ligand''* .^ This has important consequences for 
the photochemical properties of these compounds and indeed dinuclear bpt and 
bpzt complexes resulted different products when photolysed under the same 
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conditions''*^ thus photochemical properties of these dinuclear structures could be 
manipulated by a careful choice of the bridging ligand. 
Vos and coworkers reported''*^ the spectroscopic and electrochemical 
properties of the mononuclear complex, [Ru(bipy)2Li]PF6.2H20 (Li = 3-(2'-5'-
dimethoxyphenyl)-5(pyridin-2"yl)-lH-l,2,4 triazole) (Fig. 11) and the dinuclear 
complex, [(Ru(bipy)2)2L2](PF6)2.7H20 (L2 = 1,4-bis (5'-(pyridin-2-'-yl)-rH-
r,2\4'-triazol-3'-yl)-2,5-dimethoxybenzene) (Fig.l2 ) (bipy = 2,2'-bipyridyl) 
and compared their electrochemical , spectrochemical and photophysical 
properties with those reported for analogous mononuclear and dinuclear 
complexes derived from 3(pyridin-2'yl)-lH- 1,2,4-triazole, Hpytr (Fig. 13) and 
3,5 bis (pyridin-2>l)lH-1,2,4 triazole, Hbpt (Fig.l4), 
OMe 
^S / 
Ru(bpy)2 
Fig. 11 
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In order to further investigate these systems Vos and coworlcers''''* extended their 
study to include the ligand, 3-(pyrazin-2'-yl)-5-(pyridin-2''-yl)-l,2,4, Hppt. The 
synthesis of dinuclear coniplexes with this ligand presented a major synthetic 
challenge due to the asymmetry of the ligand which may result the formation of 
upto four different mononuclear coordination isomers (Fig. 15) and as expected the 
reaction of one equivalent of the bridging ligand with two equivalent of [M(bpy)2]^ ^ 
precursor led to the formation of a mixture of different coordination isomers. In an 
attempt to synthesize well defined dinuclear complexes via the mononuclear 
precursors they reported''*'* the synthesis, purification and characterization of two 
i kiA>^^ 
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mononuclear coordination isomers of ruthenium (II) and osmium(II) complexes. 
containing the ligand Hppt adopting coordination modes as la and lb. 
—1 + 
^ 
N 
N1-N2 N= 
u(bpy)2 
1a 
JRu(bpy)2 
1b 
R^(bpy)2 
N4 N = 
^^ 
1c Id 
Fig. 15 
Investigation of Ru(II) polypyridyl complexes of ligands such as 2-(4'H-
[l,2,4]triazol-3'yl)pyra2ine, Hpztr and its analogues (Fig. 16) revealed that these 
compounds exhibit very unusual photochemical behavior due to the presence of 
two electronically rich moieties inducing MLCT (metal to ligand charge transfer) 
transitions''* .^ However, the study was complicated in view of the possibility of 
formation of coordination isomers because of the presence of two inequivalent 
nitrogen atoms in the triazole ring (i.e. N2 and N4,Fig. 16) based on NMR studies. 
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Vos and coworkers''*' addressed these structural issues by reporting the X-ray 
crystal structures of [Ru(bipy)2(phpztr)]PF6-CH30H (1) and 
H([Ru(bipy)2(pztr)])2(PF6)3-H20 (2) (Hphpztr = 2-(5'-phenyl-4"H[l,2,4]triazol-3'-
yl)pyrazine) and confirmed that it was the pyrazine-N and N2 of triazole ring in 
complex 1 while N4 of triazole ring and pyrazine-N in complex 2 coordinated to 
Ru(II) endorsing the NMR spectral findings. 
N2 
u(LL)2 
N-A N2-N1 
N N4 R 
Ru(LL)2 
N2 isomer N4 isomer 
1 (LL = bpy, R = phenyl); 3 (LL= bpy , R = H) 
2 (LL= phen, R = H); 4 ( LL = bpy, R = methyl) 
Fig. 16 
In view of the ability of abpt to form spin-crossover compounds 
Matouzenko and coworkers'^ " have structurally characterized a spin-crossover 
mononuclear complex of iron [Fe"(dapp)(abpt)](C104)2 containing abpt and a 
tripodal tetradentate ligand [bis(3-aminopropyl)(2-pyridylmethyl)amine] , dapp 
(Fig. 17). Variable temperature magnetic susceptibility and Mossbauer 
spectroscopy revealed the occurrence of an abrupt spin transition with a hysteresis 
loop. The single - crystal X-ray stmctwcQ determined for both HS (293 and \ 83K) 
and LS (123K) forms revealed a distorted octahedral coordination sphere around 
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iron(II) atom resulted by six nitrogen atoms belonging to the abpt and dapp 
ligands where potentially bis-bidentate abpt ligand coordinates to iron(II) in cis-
position by one pyridyl and one triazole nitrogens. The four remaining positions in 
the [FeNe] core were occupi,ed by one pyridinic and three aliphatic nitrogen atoms 
of dapp ligand. 
NH, 
Fig. 17 
Investigations using low molecular weight metal complexes of unnatural 
ligand systems supplemented the understanding of nucleic acid recognition and 
provided a diverse array of tools for the chemical manipulation of nucleic 
acids'^ '"'^ ^. Peptide ligands containing the same chemical functional groups (e.g. 
guanidinium, amino or amide moieties) employed by nucleic acid binding proteins 
or antitumour natural products'^ '^'^ '* serve as a basic for the design of selective 
binding agents and to bridge the study of artificial metal complexes and naturally 
occurring systems, in view of their ability to easily alter the chirality and 
individual amino acid residues of a peptide. Scientists have begun exploring'"'^ "' the 
use of Ni (II) complexes with amide ligands in view of the fact that Ni (II) 
complexes with several oligopeptide ligands cause DNA cleavage in the presence 
of oxidants in some instances with sequence selectivity^ '^'^ ''''^ '^'^ ^ 
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Hydrazines with functional substituents i.e. substituents containing 
potential donor atoms result in the hydrazine being able to form chelated 
complexes with transition metal ions'^^ The interest in this class of compounds is 
partly due to their relevance to the nitrogen fixation process where coordinated 
hydrazine has been considered as a possible intermediate^"'''^ .^ Hydrazine in fact 
behaves as a substrate'^'' as well as a product of functioning nitrogenase and has 
been isolated by quenching the enzyme '. A number of complexes of bidentate 
substituted hydrazines (hydrazides) bound via nitrogen and oxygen have been 
reported to exhibit a plethora of biological activities'^^''^. The coordination 
chemistry of hydrazine and substituted hydrazines presents some aspects of 
interest including the influence that the ancillary ligands and the central metal may 
have in determining the different coordination modes i.e. rj", rj^ , \i etc. of the 
hydrazine ligand and the understanding of the properties that coordination to a 
metal fragment may induce on an NH2NH2 or RNHNH2 (R= Me, Ph, Bh etc.) 
molecule towards reduction, oxidation and deprotonation reactions. 
Interest in the mode of action of certain N-acyhydrazines as 
antituberculous drugs particularly N-isonicotinoyl hydrazine (inh)^ '^  prompted 
investigation of the complexing ability of these compounds. A number of 
transition metal complexes of N-isonicotinoyl hydrazine (inh), the most effective 
of these drugs have been isolated and investigations '^'^ ^ have centered on the 
Cu(II) compounds. However, the study of inh complexes has been complicated by 
the presence of a third coordination site, the heterocyclic nitrogen atom'^^ 
29 
Mli-^ 
Apparently prompted by the potential similarity to amino acids and the 
fact that the environment of the metal ion may well be similar to that occurring 
naturally in protein complexes, scientists'^ '^'^ ^ have carried extensive 
investigations into complex formation by the simple acylhydrazine ligands as well 
as hydrazine carboxylic acid. 
Baker and coworkers'^ '"'^ ^ investigated the coordinating properties of the 
simpler hydrazide ligands, RCONHNH2 [R = CeHs.N-benzoylhydrazine , bh; R = 
CH3, N-acetylhydrazine, ah; R = CH3CH2, N-propionylhydrazine. ph] and 
synthesized the complexes of the type where coordination was restricted to the 
hydrazide grouping (Fig 18) which is further confirmed on the basis of the crystal 
and molecular structure of bis(N-benzoylhydrazine)copper(lI) 
pentachlorotricuprate (I). 
H2 
Yi 
Fig. 18 
Bernstein and coworkers'^ ^ have carried an extensive programme on the 
synthesis of a variety of acid hydrazides, their derivatives and related compounds 
for evaluation as antituberculous agents. The acid hydrazides were prepared by 
refluxing the methyl or ethyl ester with an excess of 85% hydrazine hydrate, either 
with or without the use of ethanol as additional solvent. Since no outstanding 
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antituberculous activity was found among aliphatic, alicyclic and aromatic 
carboxylic acid hydrazides, the emphasis was made on hydrazides of heterocycUc 
carboxylic acids. 
Although there has been no evidence of tuberculostatic activity of 
acetylhydrazine, attempts were directed to study the pharmacological and 
antimicrobial activities in some derivatives of acetyhydrazine viz., 
1. Hydrazone of [(2-benzothiazolylthio) acetyl] hydrazine possesses 
antimicrobial activity' ^ ° 
2. N,N'-diphenyl-N, N'-bis[(acetylthioacetyl)]hydrazine acts as 
anticataract agent and show antioxidant and a sulfide-reducing 
effects'^' 
3. N-l-8-4-bromo-3-methylphenyl)-2-[2-(5-(2,3-dichlorophenyl)-2H-
l,2,3,4-tetraazol-2yl)acetyl]hydrazine-l- carbothioamide and its 
analogs bind with CD4 which have been reported'" to inhibit HIV 
infection. 
Albertein and coworkers have reported^^ the synthesis of hydrazine 
complexes of Fe(II) of the types [Fe(R'NHNH2)(R^CN)L4][BPh4]2 and 
[FeH(R'NHNH2)L4] BPh4 [R' = H, Me, Ph, 4-MeC6H4, 4-CIC6H4, 4-O2NC6H4 or 
Me2NNH2; R^  = 4-MeC6H4, Me or Ph; L = P(0Et)3, P(0Me)3 or PPh(0Et)2 ] by 
reacting nitrile complexes [Fe(R^CN)2L4][BPh4]2, [FeH(R^CN)L4]BPh4 with an 
excess of the appropriate hydrazine. 
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The chemists have devoted their efforts and have dreamt about the ability 
to assemble compounds, by using building units and connecting them in 
fascinating edifices with novel and potentially desirable structural and chemical 
properties'^ '^'^ ^. With the development of crystallography and synthesis 
chemistry, the assembly of polymer compounds'^ '' on the basis of simply adding 
building units and connecting them has been established. There are good reasons 
for constructing metal containing supramolecular systems partly because of the 
intellectual challenges in controlling the self assembly processes and partly 
because of the potential applications of such materials in catalysis, sensing, 
molecular electronics, magnetic devices and porous and nano size materials'''''''^. 
The key features that determine the overall architectures of the self assembled 
species are the nature of coordinating groups, the ligand topocity (i.e. the number 
and position of coordinating groups), flexibility or rigidity of the linker groups 
joining the coordination sites and stereochemical preferences of the coordinated 
metal ions' '^'^ *. Judicious metal- ligand combination in terms of stereoelectronics 
of the metal ions and number, denticity, flexibility, disposition of binding sites of 
the ligand can be precisely matched to achieve a remarkable degree of specificity 
in the course of self-assembly process through soft chemical'''' or hydrothermal 
procedures'^ '^'*°. The unique strength, directionality and complementarily of non-
covalent hydrogen and coordinate bonding play a central role in creation of a 
variety of architectures for molecular self-assembly (crystal engineering) and 
1 RI 
recognition in various domains of science . While hydrogen bonding often 
controls supramolecular organic structures in both natural'*^ and synthetic 
systems'^ ^ , the coordination chemistry approach has proven to be powerful for 
the synthesis of many discrete supramolecular compounds'^ '* and of highly 
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ordered coordination polymers'^ ^ . The combined coordination chemistry and 
hydrogen bonding approaches have given particularly interesting supramolecular 
systems'*^ modeled on the pioneering research of organic supramolecular 
architectures'^'. It has been realized that sometimes factors other than the nature 
of the metal ion and ligand need to be taken in to account in the course of self 
assembly reactions particularly significant one being the use of counter ions 
(template effect)'^ ,^ co-ligand'^' and solvent'^ .^ The endless versatility of 
molecular chemistry to design organic building blocks has provided chemists with 
a huge variety of polyfunctional ligands to arrange transition metal ions through 
the space, affording an extended array of porous architecture''^ °. Control over 
ligand properties such as donor denticity, type and number as well the spacer 
group separating coordination site has led to a wide variety of resultant structural 
motifs such as grids'^', boxes'^ ^, cylinder"^ and helicates'^ '^'^ ^. The helicate 
architecture is one of the most investigated and therefore best understood of these 
edifices because of the fundamental role of helicity in biology'''"* such as strong 
DNA binding affinity which make them promising candidates for the selective 
recognition, binding and cteavage of oligonucleotides'''. Although a variety of 
ligand systems with considerable flexibility via spacer group have been used to 
develop the helicate complexes, but the ligands containing carboxylic acid groups 
are the most dominating one, due to considerable flexible steric orientation of the 
carboxylate groups enabling carboxyl groups to connect metal ions in different 
directions, thus favoring the formation of helicate structures'''*. 
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This chapter covers the basic principles, theories and 
techniques of various physico-chemical methods involved 
in characterization of the coordination compounds 
Chapter - 2 
INSTRUMENTAL METHODS AND THEORIES 
The basic purpose of this chapter is to amplify the methods that are used to 
identify the coordination compounds. No single technique is enough to provide a 
complete characterization of a compound rather, a variety of techniques are 
required in combination. 
There are several physico-chemical methods available for the study of 
coordination compounds and a brief description of the techniques used in the 
investigation of the newly synthesized complexes described in the present work 
are given below: 
1 - Infrared Spectroscopy 
2- Nuclear Magnetic Resonance Spectroscopy 
3- Electron Paramagnetic Resonance Spectroscopy 
4- Ultraviolet and Visible (Ligand Field) Spectroscopy 
5- Magnetic Susceptibility Measurements 
6- Molar Conductance Measurements 
7- Elemental Analysis 
8- Fluorescence study 
9- Antibacterial activity 
10- X-ray crystallography 
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INFRARED SPECTROSCOPY 
When Infrared light is passed through a sample some of the frequencies 
are absorbed while other frequencies are transmitted through the sample without 
being absorbed. The plot of the percent absorbance or percent transmittance 
against frequency resuhs is an infrared spectrum. 
The IR radiation does not have enough energy to induce electronic 
transitions observed in UV spectroscopy. Absorption of IR radiation is restricted 
to the compounds with small energy differences in the possible vibrational and 
rotational states. For a molecule to absorb IR radiation, the vibrations or rotations 
within a molecule must cause a net change in the dipole moment of the molecule. 
The alternating electrical field of the radiation interacts with fluctuations in the 
dipole moment of the molecule. If the frequency of the radiation matches the 
vibrational frequency of the molecule then radiation will be absorbed, causing a 
net change in the amplitude of the molecular vibration. 
In the absorption of the radiation, only transition for which change in the 
vibrational energy level is AV=1 can occur, since most of the transition will occur 
from stable Vo to V], the frequency corresponding to its energy is called the 
fundamental frequency. 
The group frequency which are frequencies of certain groups are 
characteristic of the group irrespective of the nature of the molecule in which 
these groups are attached. The absence of any band in the approximate region 
indicates the absence of that particular group in the molecule. 
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The term "infrared" covers the range of electromagnetic spectrum between 
0.78 and 1000.|im. In the context of infrared spectroscopy, wavelength is 
measured in "wavenumbers", which have the units cm"' 
Wave number = 1/wavelengh in centimeters 
V=1A 
It is useful to divide the infrared region into three sections; near, mid and 
far infrared; 
Region Wavelength range(nm) Wavelength range (cm"') 
Near 0.78-2.5 12800-4000 
Middle 2.5-50 4000-200 
Far 50-1000 200-10 
Important Group Frequencies in the IR Spectra Pertinent to the 
Discussion of the Newly Synthesized Compounds. 
1. Amines 
a) N-H Stretching Vibrations 
The N-H Stretching vibrations occur in the region 3300-3500 cm"' in the 
dilute solution' . The N-H stretching band shifts to lower value in the solid state 
due to the extensive hydrogen bonding. Primary amines in the dilute solutions, in 
non-polar solvents give two absorptions i.e. symmetric stretch found near 3400 
cm"' and asymmetric stretch mode found near 3500 cm"'. Secondary amines show 
only a single N-H stretching band in dilute solutions. The intensity and frequency 
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of N-H stretching vibrations of secondary amines arev5i^9Sfi5mve to structural 
changes. The band is found in the range 3310-3350 cm'' (low intensity) in 
aliphatic, secondary amines and near 3490 cm"' (much higher intensity) in 
heterocyclic secondary amines such as pyrazole and imidazole. 
b) N-H Bending Vibrations 
The N-H bending (scissoring) vibration of primary amines is observed in 
the 1650-1580 cm'' region of the spectrum. The band is medium to strong in 
intensity which shifts to slightly higher frequencies when the compound is 
associated. The N-H bending band is seldom detectable in the spectra of aliphatic 
secondary amines, whereas secondary aromatic amines absorb near 1515 cm''. 
2. Amine Salts 
N-H stretching Vibration 
The ammonium ion displays strong, broad absorption in the 3300-3030 
cm'' region because of N-H stretching vibrations. There is also a combination 
band in the 2000-1709 cm'' region. 
Salts of primary amines show^ strong, broad absorption between 3000-
2800 cm'' arising from asymmetrical and symmetrical stretching in the NHj"^  
group. In addition, multiple combination bands of medium intensities occur in the 
2800-2000 cm'' region the most prominent being the band near 2000 cm"'. 
Salts of secondary amines absorb'^  strongly in the 3000-2700 cm"' region 
with the multiple bands extending to 2273 cm''. 
55 
Chapter - 2 
Tertiary amine salts absorbs at longer wavelengths (2700-2250) than the 
salts of primary and secondary amines. 
Quaternary ammonium salts can have no N-H stretching vibrations. 
3. Methyl Group Frequency 
Absorption arising from C-H stretching in the alkanes occurs generally in 
the region of 2840-3000 cm"'. The position of C-H stretching vibrations are 
among the most stable in the spectrum. An examination of a large number of 
saturated hydrocarbons containing methyl group showed' in all cases, two distinct 
bands occurring at 2960 cm"' and 2870 cm"'. The first of these results from 
asymmetric stretching mode in which two C-H bonds of the methyl group are 
extending while the third one is contracting (vasy, CH3). The second arises from 
symmetric stretching (vsy, CH3) in which all three of the C-H bonds extend and 
contract in phase. The presence of several methyl groups in a molecule results in a 
strong absorption bands at these vibrational modes. 
4. C=N Stretching Frequency 
Schiff s bases (RCH=NR, imines), oximes, thiazoles, iminocarbonates etc. 
show the C=N stretching frequency in the 1471-1689 cm"' region'"*. Although the 
intensity of the C=N stretch is variable, however it is usually more intense than 
the C^C stretch. 
5. N-N Stretching Frequency 
A strong band appearing around 1000 cm"' may reasonably be assigned^ to 
V (N-N) vibrations. 
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6. M-N Stretching Frequency 
The M-N stretching frequency is of particular interest since it provides 
direct information regarding the metal-nitrogen coordinate bond. Different amines 
complexes exhibited"* the metal-nitrogen frequencies in the 215-465 cm'' region. 
7. M-X Stretching Frequency 
Metal-halogen stretching bands appear"* in the region of 500-750 cm'' for 
MF, 200-400 cm"' for MCI, 200-300 cm'' for MBr and 100-200 cm'' for Ml. 
8. M-0 Stretching Frequency 
Metal-oxygen stretching frequency has been reported^ to appear in 
different regions for different metal complexes. The M-0 stretching frequency of 
the complexes in which oxygen of the carbonyl group or carboxylic group is the 
donor site lie in the range 510-625 cm''. 
9. Pyridine Ring Vibrations 
The vibrational spectra of pyridine shows three important vibrations, i.e. 
16b (out of plane ring deformation), 6a and 8a (in plane ring deformation) 
7 8 1 
observed'" at 403, 601 and 1578 cm' respectively. All the three bands suffer 
considerable positive shifts on coordination of pyridine to metal ions and 
magnitude of the shift depends on the stereochemistries of the complexes and on 
the metal atoms. The 601 cm"' band has been suggested to be more sensitive to the 
stereochemistry of the complexes such that in tetrahedral, polymeric octahedral 
and octahedral complexes, it appears at 642, 631 and 625 cm'', respectively. In a 
few complexes, the doubling of the above mentioned pyridine bands have also 
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been reported which has been suggested to be due to some interaction between 
different pyridine molecules either within a single molecule or between different 
molecules of the unit cell. 
10. C=0 stretching vibrations 
Ketones , aldehydes, carboxylic acids, carboxylic esters, lactones, acid 
halides, anhydrides, amides and lactams show^ a strong stretching absorbtion 
band in the region of 1870-1540 cm''. Its relatively constant position and high 
intensity and relative freedom from interfering bands make it as one of the easiest 
band to recognize in infrared spectra. 
11. Carboxylate group Vibrations 
Extensive Infrared studies have been made on metal complexes of 
carboxylic acids'". The asymmetric, Vas(C02") and the symmetric, Vs(C02") of free 
acetate ion have been reported to appear ca. 1560 and 1417 cm'', respectively. In 
case of unidentate mode of bonding of carboxylate group the v (C=0) is higher 
than Vas(C02') and v (C-0) is lower than Vs(C02') resulting in much larger 
separation between the two v (CO) in unidentate complexes than in the free ion. 
While a opposite trend is observed if carboxylate group is bonded in bidentate 
(chelate) fashion in the complex, the separation between the v(CO) is smaller than 
that of the free ion. In the bridging complex however, two v(CO) are close to the 
free carboxylate ion value. 
In a series of unidentate complexes, v(C=0) increases and v(C-O) 
decreases as the M-0 bond becomes stronger. 
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12. Nitrate group frequencies 
Free nitrate group exhibits" bands in the 1008-1041cm"', 1271-1306 cm"', 
and 715-728 cm'', regions. 
13. Perchlorate vibrations 
The perchlorate (CIO4 ") group exhibits medium intensity bands in the 
1089-1386 and 920-948 cm"' regions. 
FTIR spectra (4000-200cm'') were recorded as KBr and /or CsCl , Csl 
discs on a Perkin Elmer-2400 spectrometer. 
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
^H-NMR Spectroscopy 
As implied from the name, nuclear magnetic resonance (or NMR) is 
concerned with the magnetic properties of certain nuclei e.g. 'H , '^C. The nuclei 
for which spin quantum number , I > 0 exhibits the NMR phenomenon where 1 is 
associated with the mass number and atomic number of the nuclei as shown 
below: 
Mass number Atomic number Spin quantum number 
Odd Odd or Even 112 ,3/2 ,5/2, 
Even Even 0 
Even Odd 1,2,3 
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The nucleus of the ' H , the proton has 1=1/2, whereas, C and ' O have 1 
= 0 and therefore are nonmagnetic. Other important magnetic nuclei that have 
been studied extensively by NMR are " B , '^C, "*N, '^N, ' ^O, '^F and ^'P. 
Since atomic nuclei are associated with charge, a spinning nucleus 
generates a small electric current and has a finite magnetic field associated with it. 
When a spinning nucleus is placed in a magnetic field the nuclear magnet 
experiences a torque which tend to align it with the external field. The number of 
possible orientations for a magnetic nucleus under the influence of an external 
magnetic field is given by (21+1) so that for nuclei with spin 1/2 ( 'H , '^C, ''^F etc.) 
only two orientations are allowed, parallel to the field (low energy) and against the 
field (high energy). If the precessing nuclei are irradiated with a beam of 
radiofrequency energy of the correct frequency, the low energy nuclei may absorb 
this energy and move to a higher energy state. The precessing nuclei will only 
absorb energy from the radiofrequency source if the precessing frequency is the 
same as the frequency of the radiofrequency beam, the nucleus and the 
radiofrequency beam are said to be in resonance, hence the term nuclear magnetic 
resonance. 
The pressesional frequency, v is directly propotional to the strength of the 
external field , Bo , i.e. 
u a Bo 
This is one of the most important relationships in NMR spectroscopy. 
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A proton exposed to an external magnetic force 1.4 T ( 14,000 gauss) will 
presses ~ 60 million times per second, so that u = 60 MHz. The precessional 
frequency of all protons in same external applied field is not, however the same 
and the precise value for any proton depends on a number of factors such as 
electronegativity of the attached groups, van der waals deshielding and anisotropic 
effects explained by Packard in 1951, who detected three different values for the 
precessional frequencies of the protons in ethanol which have been rationalized 
for the three different chemical environments for the protons in ethanol (CH3 , 
CH2 and OH) since then NMR has become an important tool for the chemists. As 
the shift in frequency depends on chemiical environment, the term chemical shift 
was coined. Chemical shift positions are normally expressed in 5 (delta units) 
which are defined as proportional differences in parts per million (ppm) from an 
appropriate reference standard (TMS in the case of proton and Carbon-13 NMR). 
Since the 6 unit is proportionality, it is a dimensionless number it is 
independent of field strength. 
The ' H N M R spectra were recorded in DMSO-de and D2O using a Jeol 
Eclipse-400 spectrophotometer with Me4Si as an internal standard. 
ELECTRON SPIN RESONANCE SPECTROSCOPY 
Electron resonance is a branch of absorption spectroscopy in which 
radiation of microwave frequency is absorbed by molecule possessing electrons 
with unpaired spins. The phenomenon has been designated by different names: 
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electron paramagnetic resonance (EPR), ' Electron spin resonance (ESR) and 
Electron magnetic resonance . 
For an electron of spin S =1/2 , the spin angular momentum quantum 
number can have values of mj = ± 1/2 , which in the absence of a magnetic field 
leads to doubly degenerate spin energy state. When a magnetic field is applied this 
degeneracy is resolved. The low energy state has the spin magnetic moment 
aligned with the field and corresponds to the quantum number, ms = - 1/2 , while 
the high energy state ms = + 1/2 has its moment opposed to the field. In EPR, a 
transifion between the two different electron spin energy states occurs upon 
absorpUon of a quantum of radiation in the radiofrequency or microwave region. 
The energy, E of transition is given by 
E = hi) = gpHo 
Where h is planks constant, u the frequency of radiafion, (3 the Bohr 
magneton. Ho the field strength, and g the spectroscopic splitting factor. The 
quantity g is not constant, but tensor quantity. For a free electron g has the value 
of 2.0023. In many free radicals, the g value of the odd electron is close to that of 
a free electron, but in metal ions g values are often greatly different from the free 
electron value. In general the magnitude of g depends upon the orientation of the 
molecule containing the unpaired electron with respect to the magnetic field. In a 
solution or in gas phase, g is averaged over all orientations because of the free 
motion of the molecule, but in a crystal, movement is restricted. If the 
paramagnetic radical or ion is located in a perfectly cubic site (e.g. an octahedral 
or tetrahedral site) the g value is independent of the orientation of the crystal and 
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is said to be isotropic. In a crystal site of lower symmetry the g value depends 
upon the orientation of the crystal and is said to be anisotropic. The Z direction is 
defined coincident with the highest fold rotation axis. The gz value is equivalent to 
gii , the g value obtained when the Z axis is parallel with the external magnetic 
field. The g values along the x and y axes are gx and gy, which in a tetragonal site 
are equal and referred to as gi , the g value obtained with the external magnetic 
field perpendicular to the z axis, the experimental g value is given by the 
following equation for a system with axial symmetry ; 
i = g,,^  cos^e + gi^ sin^ 0 
small distortions which go undetected by X-ray methods can sometimes be 
determine by EPR from the inequality of the g values. 
EPR spectrum can be represented by plotting intensity against the strength 
of the applied field, but EPR spectra are commonly presented as derivative curves 
i.e. the first derivative (the slope of the absorption curve) is plotted against the 
strength of the magnetic field. Much greater sensitivity can be achieved by this 
detection method if the line shape is broad. 
A system of charges exhibits paramagnetism whenever it has a resultant 
angular momentum. Such paramagnetic system includes elements containing 3d, 
4d, 4f, 5d, 5f, 6d etc, electrons, atoms having an odd number of electrons like 
hydrogen, molecules containing odd number of electrons such as NO2, NO etc. 
and free radicals which possess an unpaired electron like methyl^  Diphenyl picryl 
hydazide free radical etc. are among the suitable reagents for EPR investigation. 
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Splitting of energy levels in EPR occurs under the effect of two types of fields, 
namely the internal crystalline field and applied magnetic field. While studying a 
paramagnetic ion in a diamagnetic crystal lattice, two types of interactions are 
observed, i.e. interaction between the paramagnetic ions called dipolar interaction 
and the interactions between the paramagnetic ion and the diamagnetic neighbour 
called crystal field interaction. For small doping amount of paramagnetic ion in 
the diamagnetic host, the dipolar interaction will be negligibly small. The latter 
interaction of paramagnetic ion with diamagnetic ligands modifies the magnetic 
properties of the paramagnetic ions. According to crystal field theory, the ligand 
influence the magnetic ion through the electric field which they produce at its site 
and their orbital motion get modified. The crystal field interaction is affected by 
the outer electronic shells. 
The dipole-dipole interaction arises from the influence of magnetic field of 
one paramagnetic ion on the dipole moments of the neighboring, smaller ions. The 
local field at any given site will depend on the arrangements of the neighbors and 
the direction of their dipole moments. Thus the resultant magnetic field on the 
paramagnetic ion will be the vector sum of the external field and the local field. 
Thus resultant field varies from site to site giving a random displacement of the 
resonance frequency of each ions and thus broadening the line widths. 
Hyperfine interactions are mainly magnetic dipole interactions between the 
electron magnetic moment and the nuclear magnetic moment of the paramagnetic 
ion. The quartet structure in the EPR of vanadyl ion are the results of hyperfine 
interactions. The origin of this can be understood simply by assuming that the 
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nuclear moment produces a magnetic field BN at the magnetic electrons and the 
modified resonance condition will be E = hi) = gP | B + BN I where BN takes up 
21+1, where I is the nuclear spin. There may be an additional hyperfine structure 
also due to interaction between magnetic electrons and the surrounding nuclei 
called superhyperfine structure. The effect was first observed by Owens and 
Stevens in ammonium hexa chloroiridate and subsequently for a number of 
transition metal ions in various hosts'"''^ 
The EPR spectra of complexes were recorded on a JEOL JES RE2X EPR 
spectrometer. 
ULTRA-VIOLET AND VISIBLE (LIGAND FIELD) SPECTROSCOPY 
Most of the compounds absorb light somewhere in the spectral region 
between 200 and 1000 nm. These transitions correspond to the excitation of 
electrons of the molecules from ground state to higher electronic states. In a free 
transition metal ion all the five d-orbitals viz. dxy, dyz, dxz, ^i2 and dx2-y2 are 
degenerate. However, in coordination compounds due to the presence of ligands 
this degeneracy is lifted and d-orbitals split into two groups called Xig (dxy. dyz and 
dxz) and Cg (dz2 and dx2-y2) in an octahedral complex and t and e in a telrahedral 
complex. The set of t2gOrbitals goes below and the set of Cgorbitals goes above the 
original level of the degenerate orbitals in an octahedral complex. In case of the 
tetrahedral complexes the position of the two sets of the orbitals is reversed. When 
a molecule absorbs radiation, its energy equal in magnitude to hv can be 
expressed by the relation: 
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E = hv 
OT E - hc/X 
Where h is Planck's constant, v and X are the frequency and wavelength of 
the radiation, respectively and c is the velocity of the light. 
In order to interpret the electronic spectra of transition metal complexes, 
the device of energy level diagram based upon 'Russell Saunder Scheme' must be 
introduced. This has the effect of splitting the highly degenerate configurations 
into groups of levels having lower degeneracies known as 'Term Symbols'. 
The orbital angular momentum of electrons in a filled shell vectorically 
adds up to zero. The total orbital angular momentum of an incomplete d shell 
electron is observed by adding L value of the individual electrons, which are 
treated as a vector with a component ml in the direction of the applied field. Thus 
L = Eimli = 0, 1,2,3,4,5,6, 
S, P, D, F, G, H, I 
The total spin angular momentum S = Zj Sj where Si is the value of spin 
angular momentum of the individual electrons. S has a degeneracy T equal to 2S + 
1, which is also known as Spin Multiplicity. Thus a term is finally denoted as 
xL . For example, if S = 1 and L = 1, the term will be ^P and similarly if S = 1 '/a, 
and L = 3, the term will be ' 'F. 
In general the terms arising from a d" configuration are as follows: 
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d^  d^  : ^F, ^P, 'G, 'D, 'S , 
d^  d^  : ^F, ^ P, ^ H, ^G, ^F, ^ D(2), P^ 
d' d^  : ^D, ^ H, ^ G, ^ F(2), ^D, ^ P(2), 'l, 'G(2), 'F , 'D(2), 'S(2) 
d^  'S, ' G , ' F , ' D , ' P , 'I, ^H, 2G(2), 2F(2), 'D(3) , ^P, ^S. 
Coupling of L and S also occurs, because both L and S if non-zero, 
generate magnetic fields and thus tend to orient their moments with respect to 
each other in the direction where their interaction energy is least. This coupling is 
known as LS coupling' and gives rise to resultant angular momentum denoted by 
quantum number J which may have quantized positive values from | L + S | up to 
|L - S I e.g., in the case of P^ (L = 1, S = 1) and ''F (L = 3, S = 1 Vi) possible values 
of J representing state, arising from term splitting are 2,1 and 0 and 4 Vi ,3 Vi, 2 
V2, and 1 '/z respectively. Each state is specified by J is 2J + 1 fold degenerate. The 
total number of states obtained from a term is called the muhiplet and each value 
of J associated with a given value of L is called component. Spectral transitions 
due to spin-orbit coupling in an atom or ion occurs between the components of 
two different multiplets while LS coupling scheme is used for the elements having 
atomic number less than 30, in that case spin-orbital interactions are large and 
electron repulsion parameters decrease. The spin-angular momentum of an 
individual electron couples with its orbital momentum to give an individual J for 
that electron. The individual J s couple to produce a resultant J for the atom. The 
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electronic transitions taking place in an atom or ion are governed by certain 
Selection Rules which are as follows: 
1. Transitions between states of different multiplicity are forbidden. 
2. Transitions involving the excitation of more than one electron are 
forbidden. 
3. In a molecule, which has a centre of symmetry, transitions between 
two gerade or two ungerade states are forbidden. 
It is possible to examine the effects of crystal field on a polyelectron 
configuration. The ligand field splitting due to cubic field can be obtained by 
considerations of group theory. It has been shown that an S state remains 
unchanged. P states does not split, and D state splits into two and F state into three 
and G state into four states as tabulated below: 
P T, 
D E + T2 
F - A2 + T] + T2 
G A2 + E + Ti + T2 
(Applicable for an octahedral Oh as well as tetrahedral Td symmetry). 
Transitions from the ground state to the excited state occur according to 
the selection rules described earlier. The energy level order of the states arising 
from the splitting of a term state for a particular ion in an octahedral field is the 
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reverse that of the ion in a tetrahedral field. However, due to transfer of charge 
from ligand to metal or metal to ligand, sometimes bands appear in the ultraviolet 
region of the spectrum. These spectra are known as 'Charge Transfer Spectra or 
Redox Spectra. In metal complexes there are often possibilities that charge 
transfer spectra extend into the visible region to obscure d-d transition. However, 
these should be clearly discerned from the ligand bands, which might also occur in 
the same region. 
The electronic Spectra of complexes were recorded in DMSO on a Pye-
Unicam 8800 spectrophotometer at room temperature. 
MAGNETIC SUSCEPTIBILITY MEASUREMENTS 
The determination of magnetic moments of transition metal complexes 
have been found to provide ample information in assigning their structure. The 
main contribution to bulk magnetic properties arises from magnetic moment 
resulting from the motion of electrons. It is possible to calculate the magnetic 
moments of known compounds from the measured values of magnetic 
susceptibility. 
There are several kinds of magnetic phenomenon observed in chemical 
substances viz., diamagnetism, paramagnetism and ferromagnetism or 
antiferromagnetism. Mostly compounds of the transition elements are 
paramagnetic. Diamagnetism is associated with substances having closed shell 
electrons in an applied magnetic field. In the closed shell the electron spin 
moment and orbital moment of the individual electrons balance one another so 
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that there is no magnetic moment. Ferromagnetism and antiferromagnetism arise 
as a result of interaction between dipoles of neighboring atoms. 
If a substance is placed in a magnetic field H, the magnetic induction B 
with the substance is given by 
B = H+4KI 
Where I is the intensity of magnetization. The ratio B/H is called magnetic 
permeability of the material and is given by 
B/H = I+ 4n(l/H) =I+4nic 
Where K- is called the magnetic susceptibility per unit volume or volume 
susceptibility. B/H is the ratio of the density of lines of force within the substance 
to the density of such lines in the same region in the absence of sample. Thus the 
volume susceptibility in vacuum is zero by definition since in vacuum B/H = 1. 
When magnetic susceptibility is considered on the weight basis, the term 
gram susceptibility (Xg) is used instead of volume susceptibility. The |ieri value can 
then be calculated from the gram susceptibility multiplied by the molecular weight 
corrected for diamagnetism 
where T is the absolute temperature at which the experiment is performed. 
The magnetic properties of any individual atom or ion will result from 
some combination of two properties, that is the inherent spin moment of the 
electron and the orbital moment resulting from the motion of the electron around 
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the nucleus. The magnetic moments are usually expressed in Bohr Magnetons 
(BM). The magnetic moment of a single electron is given by 
Where S is the total spin quantum number arising from unpaired electrons 
and g is the gyromagnetic ratio. For Mn^ "^ , Fe^ "^  and other ions having ground 
states as S there is no orbital angular momentum. While the transition metal ion in 
their ground state D or F being most common, do possess orbital angular 
momentum. The magnetic moment for such ions, eg. Co^ "^  and Ni^* is given by 
//(,,,) = V45(5 + l) + i:(Z + l) 
where L represents the total orbital angular momentum quantum number 
for the ion. 
The spin magnetic moment is insensitive to the environment of metal ion 
but the orbital magnetic moment is not. In order for an electron to have an orbital 
angular momentum and thereby an orbital magnetic moment with reference to a 
given axis, it must be possible to transform the orbital into a fully equivalent 
orbital by rotation about that axis. For octahedral complexes the orbital angular 
momentum is absent for Aig, Aig and Eg term, but can be present for Tig and Ti. 
terms. Magnetic moments of the complex ions with hjg and Eg ground terms may 
depart from the spin-only value by a small amount. The magnetic moments of the 
complexes possessing T ground terms usually differ from the high spin value and 
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vary with temperature. The magnetic moments of the complexes having a 'Ai. 
ground term are very close to the spin-only value and are independent of the 
temperature. 
For octahedral and tetrahedral complexes in which spin-orbit coupling 
causes a split in the ground state, an orbital moment contribution is expected. 
Even no splitting of the ground state appears in cases having no orbital moment 
contribution, an interaction with higher states can appear due to spin-orbit 
coupling giving an orbital moment contribution. 
Practically the magnetic moment value of the unknown complex is 
obtained on Gouy Magnetic balance. Faraday method can also be applied for the 
magnetic susceptibility measurement of small quantity of solid samples. 
The gram susceptibility is measured by the following formula. 
W MV. A ^ jjf A jjf X A7(/ id 
Where Xg = Gram Susceptiblity 
AW = Change in weight of the unknown sample with magnet on and oft". 
W = Weight of the known sample 
AWstd = Change in weight of standard sample with magnets on and off. 
Wstd = Weight of standard sample. 
Xstd = Gram susceptibility of the standard sample. 
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Temperature Dependence of Magnetic Susceptibility: Curie and Curie-
Weiss laws 
The susceptibilities of the different kinds of magnetic material are 
distinguished by their different temperature dependences as well as by their 
absolute magnitudes. Many paramagnetic substances obey Curie Law, especially 
at high temperatures. This states that the magnetic susceptibility is inversely 
proportional to temperature: 
X=C/T 
Where C is the curie constant. Often, however a better fit to the 
experimental data is provided by the Curie-Weiss Law: 
X = C/ T+0 
Where 9 is the Weiss constant. 
Ferromagnetic materials show a very large susceptibility at low 
temperatures that decreases increasingly rapidly with rising temperature. Above a 
certain temperature (ferromagnetic Curie Temperature, Tc) , the material is no 
longer ferromagnetic but reverts to paramagnetic , where Curie-Weiss Law 
behavior is usually observed. 
For antiferromagnetic materials, the value of x actually increases with 
rising temperature up to a critical temperature known as Neel point, TN. Above 
TN, the material again reverts to paramagnetic behavior. 
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The paramagnetic x values correspond to the situation where unpaired 
electrons are present in the material and show some tendency to align themselves 
in a magnetic field. 
In ferromagnetic materials, the electron spins are aligned parallel due to 
the cooperative interactions' between spins of the neighboring ions in the crystal 
structure. The large % values represents this parallel alignment of a large number 
of spins. In general, not all spins are parallel in a given material unless (a) very 
high magnetic fields and (b) low temperature are used. 
In antiferromagnetic materials, the electrons spins are aligned antiparallel 
and have a canceling effect on %. Hence small x values are expected. 
For all materials, the effect of increasing the temperature is to increase the 
thermal energy possessed by ions and electrons. There is, therefore, a natural 
tendency for increasing structural disorder with increasing temperature. 
For paramagnetic materials, the thermal energy of ions and electrons act to 
partially cancel the ordering effect of the applied magnetic field. Indeed, as soon 
as the magnetic field is removed, the orientation of the spins becomes disordered. 
Hence, for paramagnetic materials , % decreases with increasing temperature, in 
Curie/ Curie-Weiss Law fashion. 
Magnetic susceptibility measurements were carried out using Faraday 
balance at 298°K. However, the temperature dependence of magnetic 
susceptibility was recorded on a quantum design SQUID magnetometer under 
field cooled conditions between 298 and 4.5 K at lOOOG. 
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CONDUCTIVITY 
The resistance of a sample of an electrolytic solution is defined by 
Where 1 is the length of a sample of electrolyte and A is the cross sectional 
area. The symbol p is the proportionality constant and is a property of a solution. 
This property is called resistivity or specific resistance. The reciprocal of 
resistivity is called conductivity, K 
K = l/p = l/RA 
Since 1 is in cm, A is in cm^ and R in ohms (0) , the units of K is Q"' cm"' 
or S cm"' (Siemens per cm) 
Molar Conductivity 
If the conductivity K is in Q"' cm"' and the concentration C is in mol cm"\ 
then the molar conductivity A is in Cl'^ cm^ mol"' and is defined by 
A=K/C 
Where C is the concentration of solute in mol cm'^. 
Conventionally solutions of 10"'' M concentration are used for the 
conductance measurement. Molar conductance values of different types of 
electrolytes in a few solvents are given below: 
A 1: 1 electrolyte may have a value of 70-95 ohm"' cm^ mol"' in 
nitromethane, 50-75 ohm"' cm^ mol"' in dimethyl formamide and D2O and 100-
160 ohm" cm mol" in methyl cyanide. Similarly a solution of 2:1 electrolyte may 
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have a value of 150-180 ohm'' cm^ mol'' in nitromethane, 130-170 ohm' cm' 
1 1 0 1 IA 1S 
moP in dimethylformamide and 140-220 ohm' cm mol' in methyl cyanide 
The electrical conductivities of 10'^  M solutions in DMSO and D2O were 
obtained on a digital APX 185 conductivity bridge equilibrated at 25±0.0l"C. 
ELEMENTAL ANALYSIS 
The chemical analysis is quite helpful in fixing the stoichiometric 
composition of the ligand as well as its metal complexes. Carbon, hydrogen and 
nitrogen analyses were carried out on a Perkin Elmer-2400 analyzer. Chlorine was 
analyzed by conventional method'^ for chlorine estimation, a known amount of 
the sample was decomposed in a platinum crucible and dissolved in water with a 
little concentrated nitric acid. The solution was then treated with silver nitrate 
solution. The precipitate was then dried and weighed. 
For the metal estimation , a known amount of complex was decomposed 
with mixture of nitric, perchloric and sulfuric acids in a beaker. It was then 
dissolved in water and made up to known volume so as to titrate it with standard 
EDTA. 
FLUORESCENCE SPECTROSCOPY 
With some molecules, the absorption of a photon is followed by the 
emission of light of a longer wavelength (i.e. lower energy). This emission is 
called fluorescence (or phosphorescence, if the emission is long lived). There are 
many environmental factors that effect the fluorescence spectrum; furthermore, 
fluorescence efficiency is also environmentally dependent. Because these 
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parameters of fluorescence are more seiw^jyd tplR^eiiv^^CJjm than are those of 
absorbance and because smaller amounts of material are required, fluorescence 
spectroscopy is frequently of greater value than absorbance measurement. With 
macromolecules, fluorescence measurements can give information about 
conformation, binding sites, solvent interactions, degree of flexibility, 
intermolecular distances and rotational diffusion coefficient of macromolecules. 
Furthermore, with living cells, fluorescence can be used to localize otherwise 
undetectable substances. 
As with other physical methods, the theory of fluorescence is not yet 
adequate to permit a positive correlation between fluorescent spectrum and the 
properties of the immediate environment of the emitter; hence the utility of the 
procedure is based on establishing empirical principles from studies with model 
compounds. 
The excited molecule does not always fluoresce. The probability of 
fluorescence is described by the quantum yield, Q that is the ratio of the number 
of emitted to absorbed photons. Several factors determine Q, some of these are 
properties of the molecule itself (internal factors) and some are environmental. 
The internal factors are not generally of interest to biochemist concerned 
with the properties of macromolecules, environmental factors are more important. 
The effect of the environment is primarily to provide radiationless processes that 
compete with fluorescence and thereby reduce Q, this reduction in Q is called 
quenching. In biological systems, quenching is usually a result of either collisional 
processes (either a chemical reaction or simply collision with exchange of energy) 
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or a long range radiative process called resonance energy transfer. These three 
factors are usually expressed in an experimental situation involving solutions as 
an effect of the solvent or dissolved compounds (called quenchers), temperature. 
pH, neighboring chemical groups, or the concentration of the fluor. 
It is important to know that distinction between a corrected spectrum and 
an uncorrected one is not often made in the presentation of fluorescence spectra in 
journal articles. It is common to plot a spectrum as the photomultiplier output 
versus wavelength. This is an uncorrected spectrum. Plotting fluorescence 
intensity or quantum yield produces a corrected spectrum. Invariably, when 
photomultiplier output is plotted, it is incorrectly called fluorescence or 
fluorescence intensity. 
To measure Q requires the counting of photons because 
Q = photons emitted/ photons absorbed 
Q is a dimensionless quantity 
Because the energy, E, of one photon is related to the frequency, v of the 
light by the relation E = hv, a measurement of the number of photons requires 
measuring the energy of the radiation and correcting for frequency. This usual 
method for determining Q requires a comparison with a fluor of known Q , two 
solutions are prepared -one of the sample and one of the standard fluor - and, 
with the same exciting source , the integrated fluorescence (i.e. the area of the 
spectrum) of each is measured. 
The quantum yield, Qx, of a sample X is 
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where Qs is the quantum yield of the standard, Ix and Is are the integrated 
fluorescence intensities of the sample and the standard, respectively and Ax and As 
are the percentage of absorption of each solution at the exciting wavelength. 
Usually the solutions are adjusted so that Ax = As. 
Two types of fluors are used in fluorescence analysis of macromolecules-
intrinsic fluors (contained in the macromolecules themselves) and extrinsic fluors 
(added to the system, usually binding to one of the components). 
For proteins, there are only three intrinsic fluors- tryptophan, tyrosine and 
phenylalanine . The fluorescence of each of them can be distinguished by exciting 
with and observing at the appropriate wavelength. In practice, tryptophan 
fluorescence is most commonly studied, because phenylalanine has a very low Q 
and tyrocine fluorescence is frequently very weak due to quenching. The 
fluorescence of tyrosine is almost totally quenched if it is ionized, or near an 
amino group, a carboxyl group, or a tryptophan. In special situations, however, it 
can be detected by excitation at 280 run. The principle reason for studying the 
intrinsic fluorescence of proteins is to obtain information about conformation. 
This is possible because the fluorescence of both tryptophan and tyrosine depends 
significanfly on their environment (i.e. solvent, pH and presence of a quencher, a 
small molecule, or a neighboring group in the protein). 
Fluorescence measurements .were made on a Shimadzu RF-5301PC 
spectrofluorometer, equipped with microcomputer. 
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ANTIBACTERIAL ACTIVITY 
The antibacterial activity of the compounds was determined by using agar 
well diffusion method^'. Cells were grown overnight at 37°C in Luria broth. 
Nutrient agar plates were prepared with small wells in it. Cells were spreaded on 
to the plates and different concentrations of compounds were kept in the wells. 
Plates were incubated overnight at 37°. Zone of inhibition around the well were 
calculated / measured. 
X-RAY CRYSTALLOGRAPHY 
Undoubtedly the most important and useful technique, X-ray diffraction, 
has been in use since the early part of this century for the fingerprint 
characterization of crystalline materials and for the determination of their crystal 
structures. 
X-rays and their generation 
X-rays are electromagnetic radiations of wavelength ~ lA** (lO'^m) 
occurring between y -rays and the ultraviolet region of electromagnetic spectrum. 
The X-rays used in almost all diffraction experiments are produced by a process 
that leads to monochromatic X-rays. 
Commonly, two approaches have been used to treat diffraction by crystals 
as mentioned below: 
1. The Laue equations 
2. and Bragg's Law 
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The Laue equations provide a rigorous and mathematically correct way to 
describe diffraction by crystals. The drawback is that they are cumbersome to use. 
The alternative theory of diffraction based on Bragg's law is much simpler and is 
used almost universally in solid state chemistry. 
Structure factor 
The X-ray scattering power of an atom is directly proportional to the 
number of electrons composing it and can be expressed by a scattering factor f. In 
order to determine the combined scattering power of all the atoms in a unit cell, it 
is necessary to relate the differences between the pathlengths of X-rays scattered 
by each atom. This is done most conveniently by a geometric factor which is a 
function of the position of each atom among the equipoints. When the amplitudes 
of the wavelets scattered by each atom in the unit cell are added, one obtains the 
so-called structure factor or structure amplitude. 
V _ /• . 2 m ( f e l + /i>'l+/zl) , , r 2m(hxN + kyN+i:N) 
'^hkl—J\^ •+" "*"//V^ 
Z ^ f 2m(/un+/?yn+/>n) n=\ J" 
where N is the total number of atoms contained in a unit cell. The exponential 
term expresses the relative phase of the radiation scattered by each atom, n as a 
function of its position in the unit cell XnynZn. 
In an actual x-ray diffraction experiment one measures the intensities 
rather than the amplitudes of the reflected beam. The intensity is directly 
proportional to the square of the amplitude 
Ikhl ~ F hkl 
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So that it is possible to determine the positions of the atoms in a unit cell, that is, 
the crystal structure, directly from the observed intensity values. 
Factors that effect intensities 
Intensities depend on several factors other than structure factors. The main 
factors are: 
1. Polarization factor - angular dependence of intensities scattered by 
electrons. 
2. Structure yac/or-dependence on the position of atoms in the unit 
cell £ind their scattering power, 
3. Lorenz factor- a geometric factor that depends on the particular 
type of instrument used and varies with 0. Usually lumped with 
polarization factor to give Lp factor. 
4. Temperature factor- thermal vibrations of atoms cause a decrease 
in the intensities of diffracted beams and an increase in background 
scatter. 
5. Absorption factor- absorption of X-rays by the sample and depends 
on the form of the sample and geometry of the instrument. Ideally, 
for single crystal work, crystal should be spherical so as to have the 
same absorption factor in all directions. 
R- Factors and structure determination 
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The measure of agreement between the individual, scaled F,'^ /'and 
F;,^ f' values is given by the residual factor or R- factor defined as follows: 
The values of R guides one to solve the unknown crystal structures among 
other parameters. The lower the value of R, more likely the structure to be correct. 
It is not possible to give hard and fast rules about the relation between the 
magnitude of R and the likely correctness of the structure, but, usually, when R is 
less than 0.1 to 0.2, the proposed structure is essentially correct. A structure which 
has been solved fully using good quality intensity data has R typically in the range 
0.02 to 0.06. 
Space lattice and Unit Cell 
Crystals have definite orderly arrangements of their constituents (atoms. 
molecules or ions) in three dimensions. The position of atoms, molecules or ions 
in a crystal relative to one another in space, are designated usually by points. Such 
a representation is called space lattice (i.e. an array of points showing how 
molecules, atoms or ions are arranged at different sites in a three dimensional 
space). 
A unit cell is the smallest repeating unit in space lattice which when 
repeated over again results in a crystal of the given substance. 
83 
Chapter-2 
The three translations selected as the edges of the unit cell are called the 
crystallographic axes a, b, c and the angles between them are called the interfacial 
angles, a, p, y where 
a is the angle between b and c (opposite the a axis) 
P is the angle between c and a (opposite the b axis) 
Y is the angle between a and b (opposite the c axis) 
Determination of unit cell contents 
The unit cell, by definition must contain at least one formula unit, whether 
it is be an atom, ion pair , molecule, etc. In centered cells and sometimes in 
primitive cells, the unit cell contains more than one formula unit. A simple 
relation may be derived between the cell volume, the number of formula units in 
the cell, the formula weights and the bulk crystal density. The density is given by 
D = mass / volume = formula weight/ molar volume 
= FW/ volume of formula unit x N 
Where N is Avogadro's number. If the unit cell, of volume V, contains Z 
formula unit then 
V = volume of one formula unit x Z 
Therefore, 
D = F W x Z / V x N 
V is usually expressed as A°^ and density in grams per cubic centimeters. 
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Symmetry in crystals 
Symmetry i§ the most characteristic property of the crystals. Symmetry in 
crystals may be understood in terms of symmetry operation and symmetry 
elements. 
There are two nomenclatures for labelling symmetry element, 
a. The Hermann - Mauguin system used in crystallography 
b. And the schoflies system used in spectroscopy 
Both systems are well established, crystallographer require elements of 
space symmetry that spectroscopist do not, and vice versa and spectroscopist use 
a more extensive range of point symmetry than crystallographer. 
The choice of unit cell and crystal system 
Theoretically, there can be 32 different combinations of elements of 
symmetry of a crystal. These are called 32 point groups or 32 systems. Some of 
the systems however have been grouped together so that we have only seven basic 
crystal systems viz., Cubic, Orthorhombic, Tetragonal, Monoclinic, Triclinic, 
Hexagonal and Rhombohedral. 
All crystallographic data were collected on a Rigaku AFC7R 
diffractometer with graphite monochromated Mo Ka radiation. 
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Synthesis and characterization of mononuclear 
complexes of 4-amino-3, 5-bis (pyridin-2-yl) -1, 2, 4-
triazole containing tripodal, tris (2-aminoethly) 
amine 
Chapter - 3 
MONONUCLEAR COMPLEXES OF Mn(n), Fe(II), Co(II), Ni(II), 
Cu(II) AND Zn(II) WITH 4-AMINO-3^BIS(PYRIDIN-2-YL)-l^,4 
TRLVZOLE AND TRIS(2-AMINOETHYL)AMINE: CRYSTAL 
STRUCTURE OF [Ni(tren)(abpt)](N03)2(H20)2^5 
INTRODUCTION 
Although 1,2,4-triazole derivatives have been reported'"^ to act as either 2,4-
or 1,2 bridging nitrogen donor ligands (where 1,2-bridging mode is known to yield 
polynuclear coordination compounds'"^ ) but the coordination chemistry of 3,(4),5-
substituted 1,2,4-triazoles has been extensively investigated by Reedijk and 
coworkers " affording interesting stereochemical prospects. These workers selected 
the ligand, 4-amino-3,5-bis(pyridin-2-yl)-l,2,4 triazole, abpt (Fig.l) to incorporate 
1,2-mode of bridging and reported'*'^  a number of mononuclear and/or dinuclear 
complexes of transition metals with interesting spectroscopic and X-ray 
crystallographic studies. Rheingold and coworkers'^  revealed an ambidentate 
behaviour of this bidentate ligand and reported X-ray crystal structures of two 
bidentate coordination isomers where metal was coordinated to a pyridyl and amino 
nitrogens in addition to usual coordination of metal to pyridyl and the triazole 
nitrogen atom. In an attempt to obtain molecular metals and to investigate their 
conducting, magnetic and spectroscopic properties similar to the highly conducting 
compounds"-'^  , Cu(Phen)2(TCNQ)2 or Cu(bpy)2(TCNQ)2 [Phen=l, 10-
phenanthroline and bpy = 2,2'-bipyridine, TCNQ=7,7',8,8' 
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tetracynoquinodimethanido anion] Reedijk and coworkers have reported^ compounds 
of the type, M(abpt)2(TCNQ)2 [M = Fe, Co, Ni, Cu]. 
10 11 
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There have been reports " of polypyridyl complexes of ruthenium (II) 
and osmium (II) showing well defined spectroscopic, photophysical, 
photochemical and electrochemical properties leading to their applications in the 
construction of supramolecular systems'^''* and photochemically driven molecular 
devices'''• '^'. In view of the above a detailed investigation of the synthesis and 
characterization of multinuclear Ruthenium (II) and Osmium (II) polypyridyl 
complexes containing bridging triazolate ligands were reported^ ''^ '"'^ '* where a 
relatively strong interaction was expected between metal centers by these ligands 
warranting both electron transfer and energy transfer processes to occur 
•ye 
efficiently . 
The development of artificial nucleases for their use in molecular genetics 
and genetic engineering has been a challenging research field due to stability of 
the phosphate diester backbone and its resistivity to hydrolytic cleavage. Metal 
complexes^ '^'^ ^ which are ideally catalytic have been proved to be preferred over 
9 8 'KC\ 
sequence specific binding agents " for hydrolytic cleavage of DNA. Non-redox 
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active metals such as Ni(II) and Zn(II) are potentially of interest as hydrolytic 
cleaving agents and their resistivity in model systems may lead to functional DNA 
cleaving molecule. Owing to the biological significance of metal-nitrogen bond in 
living systems there has been a great interest'^ ''^ ^ in interaction of metal with 
nucleotides and nucleic acids. 
In view of the fact that [Ni(tren)]^* catalyses the hydrolysis of bis (4-
nitrophenyl) phosphate at 75°C in alkaline medium^^, efforts have been directed 
towards better understanding of metal nitrogen bond in complexes derived from 
azolate bases and nucleic acid constituent with [M(tren)]^"^ complexes^'•^^. 
This chapter deals with the synthesis and physico-chemical studies on 
ternary mononuclear complexes of the type, [M(tren)(abpt)](N03)2(H20)„ [M = 
Mn, Fe, Co, Cu, Zn (n = 2), Ni (n = 2.25); tren = tris(2-aminoethyl) amine; abpt = 
4-amino -3, 5-bis (pyridin -2-yl) 1, 2, 4-triazole)] and X-ray crystal structure of 
[Ni(tren)(abpt)](N03)2(H20)2.25, in order to investigate the mode of bonding of 
abpt in presence of chelating tripodal tetraamine , tren and their antibacterial 
activities. 
MATERIALS AND METHODS 
Metal salts, Mn(N03)2-4H20, Co(N03)2-6H20, Ni(N03)2-6H20 and 
Zn(N03)2-6H20 (all Aldrich), Fe(N03)2-6H20 (BDH), Cu(N03)2-3H20 (E.Merck) 
were commercially pure samples. The chemicals, tris (2-aminoethyl) amine and 4-
amino-3,5-bis (Pyridin-2-y])l,2,4-triazoJe (both Aldrich) were used as received. 
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The solvents methanol and methyl cyanide were of AR grade and used without 
further purification. 
Synthesis of ternary metal-tren-abpt complexes, 
lM(tren)(abpt)l(N03)2(H20)„ 
Methanolic solution (10ml) of tren (0.3 mmol) was added to a methanolic 
solution (lOml) of corresponding metal salts (0.3 mmol) followed by addition of 0.3 
mmol solution of abpt dissolved in 10 ml of acetonitrile and water (3:1) at 60°C. The 
reaction mixture was magnetically stirred for about 4-6 hrs. at room temperature and then 
allowed to stand for 6 days resulting in microcrystalline solids for Mn(II), Fe(II), Co(lI), 
Cu(II) and Zn (II) 1-3,5 and 6. However good quality single crystals were obtained for 
Ni(II)4. 
The elemental analyses were carried out on a Perkin Elmer-2400 analyzer. 
The FT-IR spectra (4000-200 cm'') were recorded as KBr /Csl pelletes on Perkin-
Elmer 2400 spectrophotometer. The 'H N M R spectrum of the Zn(II) complex was 
recorded on Jeol Eclipse 400 NMR spectrometer in DMSO-de. Metals were 
determined volumetrically . The electronic spectra of the complexes in DMSO 
were recorded on a pye-unicam 8800 spectrophotometer at room temperature. 
Magnetic susceptibility measurements were carried out using a Faraday balance at 
25°C (298K). The temperature dependence of magnetic susceptibility for the 
complex, [Fe(tren)(abpt)](N03)2(H20)2 was recorded on a quantum design 
SQUID magnetometer under field cooled conditions between 298 and 4.5 K at 
lOOOG. EPR spectrum was recorded on a Jeol JES RE2X EPR spectrometer. The 
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electrical conductivities of IO'^'M solutions in DMSO were obtained on a digital 
APX 185 conductivity bridge equilibrated at 25±0.01 °C. The antibacterial activity 
of the complexes 1 ^ was determined by using agar well diffusion method '^'. 
Crystals of the complex 4 were obtained from a methanolic solution. A 
suitable crystal was mounted on a glass capillary on a Rigaku AFC7R 
diffractometer with graphite monochromated Mo-Ka radiation. 
Crystallographic data and refinement parameters for the complex 4 is 
given in Table - 1 . While atomic coordinates, bond lengths and angles with their 
estimated standard deviations are given in Tables 2-4. 
RESULTS AND DISCUSSION 
Mononuclear complexes of a few first row transition metals with abpt 
involving tren, [M(tren)(abpt)](N03)2(H20)n have been prepared. The complexes 
1-3, 5 and 6 were microcfystalline solids whereas the complex 4 gave purple 
colored crystals suitable for single X-ray crystallography. All the complexes were 
stable in atmosphere for extended period of time and were found thermally stable 
upto their melting points. They were completely soluble in DMSO, water, 
methanol and acetonitrile. The results of elemental analyses (Table-5) conform to 
the proposed composition. The molar conductance values (Table-5) measured in 
DMSO (10"^ M) indicate their 1:2 electrolyte nature^^ 
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Table 1: Crystallographic data for [Ni(tren)(abpt)](N03)2(H20)2.25 4 
Formula weight 
Space group 
a (A) 
b(A) 
c(A) 
P(deg) 
V(A3) 
Z 
F(OOO) 
Deal 
T(K) 
^(MoKa) (cm-') 
Scan rate (deg min'' in co) 
29 range (deg) 
Number of reflections measured 
Number of unique reflections 
used ( /o>2o-( /J (A^ 
Variables (N) 
R 
wR2 
S 
Max./min residual (eA'^) 
603.74 
P2i/n 
15.857(3) 
10.658 (2) 
16.111 (2) 
90.47(1) 
2722.8 (7) 
4 
1258 
1.472 
293 
0.778 
16 
3.0-55.0 
7008 
4622 
361 
0.071 
0.238 
1.056 
0.600/ -0.689 
R = E(|Fo|-|Fc|)/Z|Fo| 
wR2=[Iw(|FoHF,|)'/Iw|Fop]'^^ 
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Table 2: Atomic coordinates for [Ni(tren)(abpt)](N03)2(H20)2.25 4 
ATOM X Y U eq 
Nil 
NIA 
OlA 
02A 
03A 
NIB 
OIB 
02B 
03B 
Nr 
N3 
N4 
N13 
N17 
N14 
N23 
N20 
Nl 
C2 
C5 
C6 
N7 
C8 
C9 
CIO 
Cll 
C12 
C14 
C15 
C15' 
C16 
0.0958(1) 
0.8198(3) 
0.7645(3) 
0.8932 (2) 
0.8038(4) 
0.3843(4) 
0.3622(3) 
0.4537(3) 
0.3364(3) 
0.0184(2) 
0.0232(2) 
-0.0487(2) 
0.1649(2) 
0.0267(2) 
0.1532(2) 
0.1735(2) 
0.0123(3) 
0.0057(2) 
0.0554(2) 
-0.0575(2) 
-0.1239(2) 
-0.1426(3) 
-0.2052(3) 
-0.2480(3) 
-0.2262(3) 
-0.1630(3) 
0.1341(2) 
0.2387(3) 
0.1076(4) 
0.2844(3) 
0.0205(4) 
0.2398 (1) 
0.0892(4) 
0.0166(4) 
0.0749(4) 
0.1749(5) 
0.2082(4) 
0.1278(4) 
0.2594(4) 
0.2307(5) 
0.6832(3) 
0.4024(3) 
0.4562(3) 
0.3332(3) 
0.1593(3) 
0.3392(4) 
0.0820(4) 
0.1395(4) 
0.5812(3) 
0.4776(4) 
0.5646(3) 
0.6568(4) 
0.7388(3) 
0.8215(5) 
0.8240(5) 
0.7380(5) 
0.6523(4) 
0.4454(4) 
0.2943(5) 
0.3098(3) 
0.3601(5) 
0.2578(4) 
0.8060(1) 
0.0160(2) 
0.0404(3) 
0.0411(3) 
-0.0321(3) 
0.7476(3) 
0.7992(3) 
0.7534(4) 
0.6871(3) 
0.9454(2) 
0.8277(2) 
0.7956(2) 
0.9013(2) 
0.7095(2) 
0.7060(3) 
0.7893(2) 
0.8832(2) 
0.8902(2) 
0.8844(2) 
0.8331(3) 
0.8142(3) 
0.8732(3) 
0.8568(4) 
0.7825(4) 
0.7211(4) 
0.7372(3) 
0.9267(3) 
0.9340(3) 
0.6273(3) 
0.9898(3) 
0.6448(3) 
0.042(1) 
0.059(1) 
0.090(1) 
0.080(1) 
0.108(2) 
0.065(1) 
0.089(1) 
0.094(2) 
0.099(2) 
0.054(1) 
0.047(1) 
0.047(1) 
0.049(1) 
0.049(1) 
0.059(1) 
0.057(1) 
0.059(1) 
0.045(1) 
0.045(1) 
0.044(1) 
0.047(1) 
0.057(1) 
0.068(1) 
0.074(2) 
0.071(1) 
0.058(1) 
0.046(1) 
0.059(1) 
0.068(1) 
0.366(1) 
0.063(1) 
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C16' 
C17 
C18 
C19 
C21 
C22 
OIW 
02W 
03W 
0.2534(3) 
0.1761(3) 
-0.0568(3) 
-0.0439(4) 
0.0696(3) 
0.1627(3) 
0.6145(3) 
0.4863(4) 
0.5690(20) 
0.4805(5) 
0.5230(5) 
0.1289(5) 
0.0624(5) 
0.0428(4) 
0.0381(5) 
-0.0245(6) 
0.1564(7) 
0.3740(30) 
1.0142(3) 
0.9824(3) 
0.7461(4) 
0.8285(4) 
0.6778(3) 
0.7033(3) 
-0.0515(3) 
0.9373(4) 
0.9412(18) 
0.071(1) 
0.060(1) 
0.066(1) 
0.071(1) 
0.061(1) 
0.064(1) 
0.114(2) 
0.128(2) 
0.192(17) 
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Table 3: Bond distances (A°) for complex [Ni(tren)(abpt)](N03)2(H20)2.25 4 
ATOMl AT0M2 DISTANCE ATOMl AT0M2 DISTANCE 
Nil 
Nil 
Nil 
NIA 
NIA 
NIB 
Nr 
N3 
N13 
N17 
N17 
N23 
NI 
C2 
C6 
N7 
C9 
C12 
C15 
C16' 
C21 
-N17 
-N3 
-N13 
-03A 
-02A 
-OIB 
-Nl 
-N4 
-C14 
-C16 
-C21 
-C22 
-C2 
-C12 
-N7 
-C8 
-CIO 
-C17 
-C16 
-CI 7 
-C22 
2.080(4) 
2.113(3) 
2.128(4) 
1.223(5) 
1.240(5) 
1.246(6) 
1.419(4) 
1.372(5) 
1.345(5) 
1.483(6) 
1.506(5) 
1.472(6) 
1.361(5) 
1.459(6) 
1.328(6) 
1.352(6) 
1.395(8) 
1.388(6) 
1.516(8) 
1.400(7] 
1.532(7) 
Nil 
Nil 
Nil 
NIA 
NIB 
NIB 
N3 
N4 
N13 
N17 
N14 
N20 
Nl 
C5 
C6 
C8 
CIO 
C14 
C15' 
C18 
-N23 
-N20 
-N14 
-OlA 
-02B 
-03B 
-C2 
-C5 
-C12 
-C18 
-C15 
-C19 
-C5 
-C6 
-Cll 
-C9 
-Cll 
-C15' 
-C16^ 
-C19 
2.103(4) 
2.114(4) 
2.138(4) 
1.236(5) 
1.230(6) 
1.255(7) 
1.315(5) 
1.312(5) 
1.356(5) 
1.490(6) 
1.489(7) 
1.495(7) 
1.366(5) 
1.472(5) 
1.382(6) 
1.372(8) 
1.379(6) 
1.382(7) 
1.374(8) 
1.517(8) 
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Table 4: Bond angles O for [Ni(tren)(abpt)](N03)2(H20)2.25 4 
ATOM I 
N17 
N23 
N23 
N17 
N3 
N17 
N3 
N13 
03A 
02B 
OIB 
C2 
C5 
C14 
C16 
CIS 
C18 
CAS 
C19 
C2 
N3 
Nl 
N4 
N7 
Cll 
N7 
Cll 
N13 
C17 
N14 
AT0M2 
-Nil 
-Nil 
-Nil 
-Nil 
-Nil 
-Nil 
-Nil 
-Nil 
-NIA 
-NIB 
-NIB 
-N3 
-N4 
-N13 
-N17 
-N17 
-N17 
-N14 
-N20 
-Nl 
-C2 
-C2 
-C5 
-C6 
-C6 
-C8 
-CIO 
-C12 
-C12 
-C15 
AT0M3 
-N23 
-N3 
-N20 
-N13 
-N13 
-N14 
-N14 
-N14 
-02A 
-OIB 
-03B 
-Nil 
-N3 
-Nil 
-C18 
-C21 
-Nil 
-Nil 
-Nil 
-Nr 
-Nl 
-C12 
-C6 
-Cll 
-C5 
-C9 
-C9 
-C17 
-C2 
-C16 
ANGLE 
83.13(14) 
176.59(14) 
92.31(15) 
176.42(13) 
76.93(13) 
82.30(15) 
87,32(14) 
95.29(15) 
119.2(5) 
120.7(5) 
118.6(5) 
113.9(3) 
106.6(3) 
125.4(3) 
112.2(4) 
111.1(4) 
105.0(3) 
109.3(3) 
107.7(3) 
125.9(3) 
108.7(3) 
130.8(4) 
124.8(4) 
124.5(4) 
118.6(4) 
122.8(5) 
119.1(5) 
123.4(4) 
124.5(4) 
110.9(4) 
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N17 
C12 
N20 
N23 
N17 
N17 
N3 
N23 
N20 
N23 
N20 
03A 
OlA 
02B 
C2 
N4 
C14 
C12 
C16 
C16 
C2I 
C22 
C2 
C5 
N3 
N4 
Nl 
N7 
C6 
C8 
CIO 
N13 
N13 
C16' 
-C16 
-C17 
-C19 
-C22 
-Nil 
-Nil 
-Nil 
-Nil 
-Nil 
-Nil 
-Nil 
-NIA 
-NIA 
-NIB 
-N3 
-N3 
-N13 
-N13 
-N17 
-N17 
-N17 
-N23 
-Nl 
-Nl 
-C2 
-C5 
-C5 
-C6 
-N7 
-C9 
-Cll 
-C12 
-CM 
-CI 5' 
-C15 
-CI 6' 
-C18 
-C21 
-N3 
-N20 
-N20 
-N13 
-N13 
-N14 
-N14 
-OlA 
-02A 
-03B 
-N4 
-Nil 
-C12 
-Nil 
-C21 
-Nil 
-Nil 
-Nil 
-C5 
-Nr 
-C12 
-Nl 
-C6 
-C5 
-C8 
-CIO 
-C6 
-C2 
-C15' 
-C14 
109.5(4) 
117.3(5) 
109.6(4) 
110.3(4) 
100.26(13) 
84.44(15) 
88.46(14) 
99.67(14) 
97.62(15) 
92.75(15) 
165.14(16) 
121.7(5) 
119.1(4) 
120.6(5) 
108.9(3) 
137.1(3) 
117.9(4) 
116.5(3) 
111.9(4) 
105.4(3) 
111.0(3) 
108.1(3) 
105.7(3) 
128.5(3) 
120.5(4) 
110.2(3) 
125.0(3) 
117.0(4) 
117.1(5) 
118.8(5) 
117.8(5) 
112.CV4) 
122.3(5) 
119.5(5) 
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C15^ 
N17 
N17 
-C16' 
-C18 
-C21 
-C17 
-C19 
-C22 
119.7(5) 
109.5(4) 
111.9(4) 
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Chapter ~ 3 
IR Spectra 
The prominent IR spectral bands are presented in the Table-6. The IR 
spectra reveal that both tren and abpt moieties have been coordinated to metal ion. 
The coordination of NH2 groups of tren moiety may be inferred from a negative 
shift in the regions 3195-3280 cm"' and 1565-1615 cm"' corresponding to VNH2 
and 5NH2 vibrations, respectively. A sharp band in the region, 435-465cm"' 
corresponds to v(M-N)tren vibration. The main spectral variations have been 
noticed in the ring vibrations of pyridine moiety of abpt in the complexes, 1^ :6. 
The out-of -plane ring deformation and in-plane ring deformation modes of 
vibrations appear in the regions, 418-430 cm"' and 617-628 cm"', respectively'''''^ 
which were found to be positively shifted as compared to the vibrations of 
pyridine in free abpt. This suggests the coordination of pyridine nitrogen atom 
(N13) to the metal atom. However, ring vibrations in the higher frequency region, 
1560-1585 cm"' have not been affected appreciably. A negative shift (15-30 cm"') 
•50 
in the v(C=N) vibration of triazole ring suggests coordination via its N3 atom. 
Strong intensity bands appearing in the region, 219-238 cm"' may reasonably be 
assigned to v(M-Nabpt) vibrations similar to those observed in the complexes 
derived from the ligands with nitrogen donors '^'"*". The ir spectra of all the 
complexes exhibited additional bands in the regions, 1045-1055 cm"', 1375-1385 
cm"', 825-858 cm"' and 715-728 cm"' consistent'*' with the presence of a free 
nitrate group. 
102 
2 03 
U 
( 
C/5 
X 
o 
U 
!U 
o 
S o 
CO 
C 
(U 
3 
cr 
c 
H 
?3 
<u 
c 
CO 
l-l 
> 
s 
5 60 S 
(L) 
ID 
0) 
> 
I 
oo kn O "J^  rn -^ t ^ u o t ^ o o o v o o o o o o o t ^ o o t ^ 
»\ »^  #v »> n »\ «* ^ r . r . f\ J' 
i r i i n r ^ o o m ' ^ o o v o o m o o 
o o o o o o o o o o o o o o o o o o 
00 
VO 
-* 
u-^  00 
•<a-
00 
ON 
Tf 
00 
r~-Ti-
00 
00 
• " ^ 
in 
as 
• * 
ON 
f—4 
CN 
m 
<N 
<N 
>o 
r<) CS 
o 
m CN 
00 
ro (N 
00 
(N 
CN 
O 
(N 
^ 
>n (N 
VO 
r-
» — ( 
VO 
oo 
tN 
VO 
•rf 
fS 
NO 
ON 
» — < 
NO 
00 o 
CN 
OO 
(N 
O 
00 u-> 
NO NO 
o rs 
oo ' - I 
m NO 3 
(N 
>n 
en 
• ^ 
CN 
-^  
• * 
u-\ 
VO 
rt 
CN 
1^ 
• ^ 
00 
• * 
• * 
<—1 
VO 
• ^ 
o 
/-^  
I 1
> 
a, 
S 
o U 
in 
O N 
f — < 
m 
o 
(N 
X 
O 
l - > 
in 
NO 
CN 
o-i 
rs 
o 
o 
1 
u 
00 
ON 
f-^ 
ro 
Wl 
O 
X 
o 
• • -» 
X> 
C3 
O 
U 
m 
r--(N 
S 
^ 
9. 
5. 
o 
1 
X 
1 
r_l 
m 
rs 
(N 
o 
O 
t 
(U 
-•-» 
'5' 
U 
• ' 
o 00 
CN 
SOI 
<s 
5" 
o 
l-H 
-•-» 
N 
Chapter - 3 
'H-NMR Spectrum 
The ' H - N M R spectrum of Zn(II) complex shows two triplets at 2.85 ppm 
and 2.71 ppm corresponding to methylene protons adjacent to primary amine 
(6H, CH2-NH2) and tertiary amine (6H, N-CH2) of tren, respectively^^. 
Furthermore, a broad signal appearing ca. 1.84 ppm may be assigned to primary 
amine protons (6H, NH2) of tren moiety''\ Chemical shifts of the protons of 
pyridine ring coordinated to metal atom are noticeably different from those 
observed for non-coordinating pyridine ring of abpt ligand. The proton 
resonances of the coordinated pyridine ring are observed ' at 8.54 ppm (d, Hn), 
8.24 ppm (t, H16), 7.49 ppm (t, H15 ) and 8.56 ppm (d, HH) , while the resonances 
of the non-coordinated ring protons appeared at 7.24 ppm (d, Hn), 8.10 (t, Hio), 
7.31 ppm (t, H9) and 8.28 ppm (d, Hg). On the basis of these data it is possible to 
justify the corresponding downfield shift induced by the coordination of pyridine 
nitrogen atom (N13) to the metal atom. A broad signal appearing at 4.95 ppm may 
be attributed to primary amine protons, (N-NH2, 2H) of abpt ligand''^ 
Electronic Spectra and magnetic susceptibility measurement 
The electronic spectrum of the Mn(II) complex exhibits two ligand field 
transitions at 22,785 and 18,850 cm' which may reasonably be assigned to 
' A , g - > % and ' A , g->'^ Tig transitions'*'*, respectively consistent with an octahedral 
geometry around Mn (II) ion ( Table-?). The observed value of magnetic moment 
of 5.78 B.M. further suggests'*'' that it has a high spin ground state ^Aig which 
supports the electronic spectral finding confirming an octahedral environment 
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around Mn(II) ion. A weak intensity band in the electronic spectrum of Fe(II) at 
12,300 cm'' assigned'*'* to T^2g->^ Eg transition suggests an octahedral environment 
around iron (II) (Table-7). The confirmation regarding the octahedral geometry 
has been obtained'*'' from its magnetic moment value of 5.43 B.M. A decrease in 
the magnetic moment of Fe(II) complex from 5.43 B.M. at 298 K to 3.28 B.M. at 
80 K indicates that on cooling the complex is a low spin one. The electronic 
spectrum of the Co(II) complex exhibits three bands discerned at 21,220, 14,600 
and 8,215 cm" which may be ascribed to '*T,g(F)VT,g(P) ,''T,g(F)^''A2g(F) and 
''Tig(F)-> ''T2g(F) transitions, respectively (Table-7) consistent'*'* with an 
octahedral geometry aroimd cobalt (II) ion. The observed magnetic moment value 
of 5.3 B.M. further corroborates'*'* that '*F is the ground term with a "*? term lying 
at higher energy state. These states under octahedral geometry split resulting the 
above transitions. 
The proposed octahedral geometry around the Ni(II) ion has been 
confirmed by the appearance of absorption bands at 27,500, 20,150 and 11,275 
cm"' (Table-7) attributable to ^A2g(F)^^Tig(P), ^A2g(F)^^Tig(F), ^ A2g(F)->>^ T2g(F) 
transitions'*'*, respectively. The magnetic moment value of 3.05 B.M. further 
supports'*'* the above electronic spectral data. 
The electronic spectrum of the copper complex exhibits a broad band 
centered ca. 20,300 cm"' with a shoulder at 16,425 cm"' assignable to ^Big->^ Eg 
and ^Big^^B2g transitions, respectively consistent with a distorted octahedral 
environment around metal ion"*^  (Table-7). The magnetic moment value of 1.75 
B.M. complements'*'* the electronic spectral findings. 
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Chapter - 3 
EPR Spectrum 
The EPR spectrum of the polycrystalline Cu^ "^  complex was recorded at 
room temperature and the gn and gi values have been calculated. The comparison 
of values of gn and gi have been used to select the ground state"*^  between d^ ; .^ 
and the d^j. If gn > gi > 2.02 , the d^ 2_ 2 will be the ground state whilst a d^ j will 
be the ground state if gi > gn ~ 2.0. The mononuclear Cu(II) complex under study 
show a single signal without hyperfme splitting for which gn and gi values were 
calculated to be 2.30 and 2.09, respectively. These observations are 
characteristic''^ ''*' of axially distorted octahedral Cu (II) complexes in which the 
unpaired electron is present in the d i_ 2 orbital. The axial symmetry parameter, G 
is given by the expression G = (gn-2)/(gi-2), which measures the exchange 
interaction between copper centers in the polycrystalline solids. In the present case 
G value of 2.66 indicates''* considerable exchange interaction in the complex. 
Antibacterial activity 
Antibacterial activity was performed against one gram positive 
(Staphlococcus aureus) and one gram negative (Escherichia coli) bacteria and the 
results are summarized in Table 8. The activity was found to be saturated at the 
concentration of 2 mg/ml. Diameter of the zone of inhibition around the well is 
the measure of antibacterial activity. It is directly proportional to the antibacterial 
activity of the compound. The activity was not observed at the lower 
concentration then 1 mg/ml. 
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Chapter - 3 
Single crystal structure of [Ni(tren)(abpt)](NO3)2(1!20)2.25 
An ORTEP view of [Ni(tren)(abpt)](N03)2(H20)2.25 unit together with the 
atom labeling scheme is presented in the Fig. 2. 
The crystal structure consists of a discrete [Ni(tren)(abpt)] *^  octahedral 
cation, NO3" anions and water molecules. The Ni(II) atom is bound to the four 
nitrogen atoms (N17, N20, N14, N23) of the tetradentate, tren ligand and to the 
N3 atom (triazole ring) and N13 atom (Pyridine ring) of the abpt ligand. The 
bond lengths and angles associated with the tren ligand appear in the usual 
range^'-^^ 
It has been noticed that the angles N1-C2-C12 and N3-C2-C12 of the free 
abpt ligand determining the position of the pyridine ring would be expected' to be 
ca. 126° undergoes certain deformations in the structure of the ligand on 
complexation. The angle N3-C2-C12 is smaller [120.5 (4)°] than N1-C2-C12 
[130.8(4)°](Table-4). 
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CHAPTER-4 
Synthesis and characterization of ternary complexes of 
4-amino-3, 5 bis (pyridin-2-yl), 1,2,4 triazoie involving 
tripodal, tris(3-aminopropyl)amine 
ICliaptlrh4 
MONONUCLEAR COMPLEXES OF 4-AMINO-3,5-BIS (PYREDIN 
-2-yI)-U,4 TRIAZOLE AND TRIS (3-AMINOPROPYL) AMINE: 
CRYSTAL STRUCTURE OF [Ni(trpn)(abpt)l(C104)2 
INTRODUCTION 
The phenomenon of spin-crossover between low-spin (LS) and high-spin 
(HS) electronic states have been extensively studied during a few past decades'l 
A steady interest in this phenomenon stems from its theoretical and experimental 
aspects as well as its potential applications. Spin transition which is most 
commonly observed for iron (II) with nitrogen donor atoms represents an example 
of molecular bistability (HS , S = 2, T^2 ^  LS , S = 0, 'AI)" which underlies the 
design of new molecular materials for electronic technology^ '"^  and can be induced 
by a variation of temperature, pressure, light irradiation or by magnetic field. 
Certainly, studies of main chemical and structural factors that control the 
characterization of particular spin-crossover systems are important to gain a 
deeper insight into the mechanism of spin transition and to design new systems 
that can be used in molecular electronics. The importance of 1,2,4 triazole bridge 
in mediating electron transfer has been well documented and it was shown that 
with 1,2,4 triazole bridging ligands relatively strong interaction could be obtained 
between the metal centers so that both electron transfer and energy transfer 
processes could occur efficiently .^ The coordination chemistry of 3,(4),5 -
substituted 1,2,4 triazoles particularly 4-amino-3,5-bis(pyridin-2yl) 1,2,4 triazole, 
abpt (Fig.l) has been extensively investigated by Reedijk and coworkers '^^ . They 
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reported "^^  a number of mononuclear and/or dinuclear complexes of transition 
metals with interesting spectroscopic and X-ray crystallographic studies 
r 
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Fig. I 
and established a preferred chelating behavior involving the nitrogens of triazole 
and pyridyl group. Rheingold and coworkers'*^ have shown an ambidentate 
behavior of this bidentate ligand and reported X-ray crystal structures of two 
bidentate coordination isomers where metal was coordinated to a pyridyl nitrogen 
and the amino nitrogen in addition to usual coordination of metal to a pyridyl and 
the triazole nitrogen atom. Reedijk and coworkers reported the compounds of the 
type, M(abpt)2(TCNQ)2 [M = Fe, Co. Ni, Cu, TCNQ =7,7',8,8' 
tetracynoquinodimethanido anion] analogous to the highly conducting 
compounds, Cu(Phen)2(TCNQ)2 and Cu(bpy)2(TCNQ)2 [Phen =1, 10-
phenanthroline and bpy = 2, 2'-bipyridine]"''^ in order to procure molecular 
metals and to investigate their conducting, magnetic and spectroscopic properties. 
Keeping in view the ability of the ligand, abpt to form spin-crossover 
compounds'^  Matouzenko and coworkers''' synthesized a new spin-crossover 
mononuclear complex of iron, [Fe"(dapp)(abpt)](C104)2 containing abpt and a 
tripodal tetradentate ligand [Bis(3-aminopropyl)(2-pyridylmethyl)amine], dapp 
which exhibited a sharp HS<-^ LS transition with thermal hysteresis confirmed on 
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the basis of variable temperature magnetic susceptibility measurements and 
Mossbauer spectroscopic studies. While single crystal X-ray structure determined 
for both HS (293K and 183K) and LS (123K) states revealed a distorted 
octahedral coordination sphere arotmd iron (II) atom maintained by six nitrogen 
atoms belonging to abpt (one pyridyl and one triazole nitrogen) and dapp ligands 
(one pyridyl and three aliphatic nitrogen atoms). Continuing interest in the 
spectroscopic, photophysical, photochemical and electrochemical properties of 
ruthenium (II) and osmium (II) polypyridyl complexes'^ "'^  due to their 
applications in the construction of supramolecular systems'^''^ and in the 
development of photochemically driven molecular devices^ '^ ''^ ' led to the 
investigation of a niunber of mono-, di- and multi- nuclear complexes containing a 
variety of 1,2,4- triazole derivatives''^ '^ ^" '^'. 
There has been much interest in the development of catalysts over the 
years that hydrolyze amides, esters and nitriles. Due to the stability of these 
substrates most studies have been focused on model systems involving activated 
substrates^ '^^ ^ or intramolecular catalysis^'. In order to exploit the knowledge from 
extensive model studies for the development of true catalysts that hydrolyze 
unactivated substrates e.g. the [Co(trpn)(OH)2(OH)]"'^  ion has been found to be 
particulariy effective as a hydrolytic agent ' for ADP, ATP, AMP, RNA and a 
variety of other phosphate esters as well as organic esters and nitriles . The 
comparison of its high reactivity with regards to the analogous tren complex has 
been ascribed^^ in terms of the greater flexibility of the trpn ligand which is 
thought to facilitate intramolecular nucleophilic attack of coordinated hydroxide 
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ion at the coordinated substrate. The stability of the phosphate diester backbone 
and its resistivity to hydrolytic cleavage hinder the development of artificial 
nucleases for their use in molecular genetics and genetic engineering. Metal 
complexes''^ '"''* which are ideally catalytic have been proved to be preferred over 
sequence-specific binding agents''^ '''^  for hydrolytic cleavage of DNA. Owing to 
the biological importance of metal-nitrogen bond in living systems ' there has 
been a great interest in the interaction of metal ions and metal complexes binding 
to nucleic acids and their constituent. It ha« been shown that [Ni(tren)]^^ catalyses 
the hydrolysis of bis(4-nitrophenyl) phosphate at 75°C in alkaline medium^ ^  For 
this reason efforts''^ '''* have been directed towards better understanding of metal 
nitrogen bond in complexes derived from azolate bases and nucleic acid 
constituent with [M(tren)] complexes. 
This chapter describes the synthesis and physicochemical studies of 
ternary mononuclear complexes of the type, [M(trpn)(abpt)](C104)2 [M= Mn, Fe, 
Co, Ni, Cu, Zn; trpn = tris(3-aminopropyl)amine; abpt = 4-amino-3,5-bis(pyridin-
2yl) 1,2,4 triazole ] involving tripodal, trpn and abpt ligands and their antibacterial 
activities. The X-ray crystal structure of complex, [Ni(trpn)(abpt)](C104)2 was 
taken in order to investigate the mode of bonding of abpt and trpn. The variable 
temperature magnetic susceptibility measurement on the Fe(II) complex 2 
revealed that the complex was high spin at 298K while low spin at 80K. 
MATERIALS AND METHODS 
The metal salts, M(C104)2.6H20 (all Aldrich) (M- Mn, Fe, Co, Ni, Cu, 
Zn) were commercially pure samples. The Chemicals, tris(3-aminopropyl)amine 
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(TCI, Tokyo kasei) and 4-amino-3,5-bis(pyridin-2yl) 1,2,4 triazole (Aldrich) were 
used as received. The solvents methanol and methyl cyanide were dried before 
use. 
Synthesis of mononuclear metal-trpn-abpt complexes, 
[M(trpn)(abpt)](Cl04)2 
A methanolic solution (10ml) of trpn (0.3 mmol) was mixed with a 
methanolic solution (10ml) of M(Ci04)2.6H20 (0.3 mmol) followed by addition 
of 0.3 mmol solution of abpt dissolved in 10 ml of acetonitrile and water (3:1) at 
60°C. The reaction mixture was magnetically stirred for about 4-6 hrs. at room 
temperature and then allowed to stand for 6 days resulting in microcrystalline 
solids for Mn(II) 1 , Fe(II) 2, Co(II) 3, Cu(II) 5 and Zn (II) 6 . However good 
quality single crystals were obtained for Ni(II) 4 . 
The elemental analyses were carried out on a Perkin Elmer-2400 analyzer. 
The FT-IR spectra (4000-200 cm"') were recorded as KBr /Csl pelletes on Perkin-
)2 
was recorded using DMSO-de on a Jeol Eclipse 400 NMR spectrometer. Metals 
and chloride were determined volumetrically '^ and gravimetrically''^ , respectively. 
The electronic spectra of the complexes in DMSO were recorded on a pye-unicam 
8800 spectrophotometer at room temperature. Magnetic susceptibility 
measurements were carried out using a Faraday balance at 25°C. However, the 
temperature dependence of magnetic susceptibility for the complex, 
[Fe(trpn)(abpt)](C104)2 was recorded on a quantum design SQUID magnetometer 
under field cooled conditions between 298 and 4.5 K at lOOOG. EPR spectrum of 
121 
Elmer 2400.spectrophotometer. The 'H-NMR spectrum of [Zn(trpn)(abpt)](C104)  
C$tp^rt4 
Cu(II) complex, 5 was recorded on a JEOL JES RE2X EPR spectrometer. The 
electrical conductivities of 10'"' M solutions in DMSO were obtained on a digital 
APX 185 conductivity bridge equilibrated at 25±0.01 °C. The antibacterial activity 
of the complexes l^ was determined by using agar well diffusion method'". 
Crystals of the complex 4 were obtained from a methanol solution. A bar 
shaped specimen cut from a bulky crystal was mounted on the tip of a thin glass 
fibre for X-ray examination and data collection. All data were collected on a 
Rigaku AFC7R diffractometer with graphite monochromated Mo-Ka radiation. 
Crystallographic data for the complex 4 is given in Table - 1 . The atomic 
coordinates, bond lengths and angles with their estimated standard deviations are 
given in tables 2-4. 
RESULTS AND DISCUSSION 
A few ternary complexes of first row transition metals, 
[M(trpn)(abpt)](C104)2 have been prepared by the reaction of M(C104)2.6H20 
with trpn and abpt. Complexes 1^, 5 and 6 were microcrystalline solids whereas 
the complex 4 gave deep violet colored crystals suitable for single X-ray 
crystallography. All the complexes were stable in atmosphere for extended period 
of time. These were thermally stable up to their melting point and were foimd to 
be completely soluble in DMSO, water, methanol and acetonitrile. The results of 
elemental analyses (Table-5) suggest that the complexes were formed with 
proposed composition as [M(trpn)(abpt)](CI04)2- The molar conductance values 
(Table-5) measured in DMSO (lO'^ M) indicate 1:2 electrolyte nature of the 
complexes'* .^ 
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Table 1: Crystallographic data for complex [Ni(trpn)(abpt)](C104)2 4 
Formula weight 
Space group 
a (A) 
b(A) 
c(A) 
|3(deg) 
V (A^) 
Z 
F(OOO) 
Deal 
T(K) 
H(MoKa) (cm"') 
Scan rate (deg min"' in co) 
20 range (deg) 
Number of reflections measured 
Number of unique reflections used 
{I,>2a{I^){M) 
Variables (N) 
R 
WR2 
S 
Max./min residual (eA"'') 
684.19 
P2|/n 
8.3835(3) 
20.4591(2) 
16.9702(2) 
95.443(1) 
2897.60 (7) 
4 
1424 
1.568 
293 
0.917 
16 
3.0-55.0 
7459 
4014 
415 
0.073 
0.252 
1.039 
0.538/ -0.978 
R = Z(|FoHFc|)/Z|Fo| 
wR2=[Iw(|Fo|-|Fc|)'/Zw|Foft'^ 
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Table 2: Atomic Coordinates for [Ni(trpnXabpt)](C]04)2 4 
Atom 
Nil 
CIl 
Oil 
012 
013 
014 
C12 
021 
022 
023 
024 
021 ' 
022' 
023' 
024' 
N4 
N3 
N7 
Nl 
N18 
N20 
Nl ' 
N19 
N2I 
C2 
C5 
C6 
C8 
X 
0.514(1) 
0.3622(2) 
0.4380(10) 
0.4084(8) 
0.4075(9) 
0.1929(7) 
-0.0930(2) 
-0.0429(17) 
0.0243(19) 
-0.0971(19) 
-0.1900(20) 
-0.0080(40) 
0.0180(30) 
-0.2070(50) 
-0.2502(18) 
-0.1109(5) 
-0.2662(5) 
. 0.2023(5) 
-0.1502(5) 
0.0128(6) 
0.1076(7) 
-0.1175(7) 
0.2622(6) 
-0.1157(6) 
-0.2880(6) 
-0.0427(6) 
0.1249(6) 
0.3546(7) 
Y 
0.2097(1) 
0.0929(1) 
0.0382(4) 
0.1029(4) 
0.1487(3) 
0.0860(4) 
0.3636(1) 
0.4225(7) 
0.3391(9) 
0.3189(11) 
0.3788(15) 
0.3048(11) 
0.4117(10) 
0.3696(13) 
0.3561(14) 
0.2904(2) 
0.2994(2) 
0.2960(2) 
0.3949(2) 
0.1995(3) 
0.2318(3) 
0.4634(2) 
0.1507(3) 
0.1342(2) 
0.3628(2) 
0.3476(2) 
0.3536(2) 
0.2951(3) 
Z 
0.4080(1) 
0.6410(1) 
0.6137(6) 
0.7218(3) 
0.5975(4) 
0.6268(5) 
0.6543(1) 
0.6943(9) 
0.6167(9) 
0.7291(10) 
0.5791(10) 
0.6556(19) 
0.6555(16) 
0.6970(20) 
0.6349(18) 
0.3975(2) 
0.3666(3) 
0.4491(3) 
0.3880(2) 
0.5281(3) 
0.2920(3) 
0.3881(3) 
0.4226(3) 
0.3688(3) 
0.3600(3) 
0.4108(3) 
0.4447(3) 
0.4825(4) 
Ueq 
0.045(1) 
0.064(1) 
0.158(3) 
0.127(2) 
0.123(2) 
0.141(3) 
0.084(1) 
0.107(5) 
0.127(5) 
0.176(7) 
0.233(12) 
0.154(12) 
0.129(9) 
0.219(18) 
0.152(10) 
0.049(1) 
0.051(1) 
0.057(1) 
0.050(1) 
0.064(1) 
0.069(1) 
0.073(1) 
0.072(1) 
0.066(1) 
0.050(1) 
0.045(1) 
0.050(1) 
0.068(2) 
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C9 
CIO 
Cll 
C12 
N13 
C14 
C15 
C16 
C17 
C21 
C22 
C23 
C25 
C26 
C27 
C28 
C29 
C30 
0.4331(7) 
0.3539(8) 
0.1932(8) 
-0.4390(7) 
-0.4601(6) 
-0.5981(8) 
-0.7164(8) 
-0.6905(8) 
-0.5471(7) 
-0.2021(8) 
-0.1030(10) 
-0.0231(10) 
0.2573(12) 
0.1011(11) 
-0.0414(14) 
-0.2501(12) 
-0.2315(13) 
-0.1512(10) 
0.3519(4) 
0.4099(3) 
0.4126(3) 
0.3943(3) 
0.4566(2) 
0.4851(3) 
0.4540(3) 
0.3901(3) 
0.3600(3) 
0.1489(3) 
0.1646(4) 
0.2289(4) 
0.0814(4) 
0.0476(4) 
0.0667(4) 
0.1298(6) 
0.1327(6) 
0.1856(5) 
0.5118(4) 
0.5070(4) 
0.4728(4) 
0.3283(3) 
0.3513(3) 
0.3240(4) 
0.2740(4) 
0.2504(4) 
0.2788(3) 
0.2902(5) 
0.2233(4) 
0.2263(4) 
0.3952(5) 
0.4106(6) 
0.3595(7) 
0.4210(7) 
0.4997(9) 
0.5494(5) 
0.072(2) 
0.072(2) 
0.066(2) 
0.054(1) 
0.061(1) 
0.068(2) 
0.070(2) 
0.069(2) 
0.059(1) 
0.078(2) 
0.089(2) 
0.088(2) 
0.101(3) 
0.100(3) 
0.133(4) 
0.138(5) 
0.153(5) 
0.097(3) 
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Table 3: Bond distances (A°) for [Ni(trpn)(abpt)](C104)2 4 
ATOMl 
Nil 
Nil 
Nil 
Cll 
Cl l 
C12 
C12 
C12 
C12 
021 
022 
023 
024 
N4 
N3 
N7 
Nl 
N18 
N19 
N21 
C2 
C6 
C9 
C12 
N13 
C15 
C21 
C25 
AT0M2 
-N18 
-N19 
-N21 
-Oil 
-014 
-023' 
-024' 
-021' 
-024 
-022' 
-021' 
-023' 
-024' 
-C5 
-C2 
-C8 
-C2 
-C30 
-C25 
-C28 
-C12 
-Cll 
-CIO 
-N13 
-C14 
-C16 
-C22 
-C26 
DISTANCE 
2.104(5) 
2.134(5) 
2.148(5) 
1.389(7) 
1.424(6) 
1.26(2) 
1.334(14) 
1.378(19) 
1.484(15) 
0.90(3) 
1.02(3) 
1.46(3) 
1.21(3) 
1.312(6) 
1.314(6) 
1.348(7) 
1.374(7) 
1.482(9) 
1.491(9) 
1.500(11) 
1.475(7) 
1.400(7) 
1.359(10) 
1.349(7) 
1.339(7) 
1.391(9) 
1.505(11) 
1.525(13) 
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C28 
Nil 
Nil 
Nil 
Cll 
Cll 
C12 
C12 
C12 
C12 
021 
022 
023 
023' 
N4 
N7 
Nl 
Nl 
N20 
N21 
N21 
C5 
C8 
CIO 
C12 
C14 
C16 
C22 
C26 
C29 
-C29 
-N20 
-N4 
-N7 
-012 
-013 
-022 
-022' 
-021 
-023 
-023' 
-022' 
-021' 
-024' 
-N3 
-C6 
-C5 
-Nl' 
-C23 
-C21 
-C27 
-C6 
-C9 
-Cll 
-C17 
-C15 
-C17 
-C23 
-C27 
-C30 
1.331(16) 
2.116(5) 
2.136(4) 
2.244(4) 
1.404(6) 
1.429(6) 
1.313(13) 
1.369(18) 
1.445(14) 
1.557(16) 
1.75(4) 
1.63(3) 
1.54(3) 
1.11(4) 
1.369(6) 
1.345(7) 
1.355(6) 
1.427(6) 
1.488(9) 
1.486(9) 
1.528(10) 
1.472(7) 
1.402(8) 
1.417(9) 
1.369(8) 
1.395(10) 
1.395(8) 
1.474(11) 
1.461(12) 
1.493(14) 
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Table 4: Bond Angles (°) for [Ni(tipn)(abpt)](C104)2 4 
ATOMl 
N18 
N20 
N20 
N18 
N19 
N18 
N19 
N21 
Oil 
Oil 
014 
023^ 
023" 
024' 
022 
022' 
022 
022' 
023' 
024' 
021 ' 
023' 
024' 
021 ' 
024 
022" 
021 ' 
C12 
023' 
024' 
022 
021 
C12 
024' 
024' 
023 
023' 
C5 
N3 
C6 
C8 
C5 
AT0M2 
-Nil 
-Nil 
-Nil 
-Nil 
-Ni 
-Nil 
-Nil 
-Nil 
-Cll 
-Cll 
-Cll 
-C12 
-C12-
-C12 
-C12 
-C12 
-C12 
-C12 
-C12 
-C12 
-C12 
-C12 
-C12 
-C12 
-C12 
-021 
-022 
-022 
-023 
-024 
-021' 
-022' 
-022' 
-023' 
-023' 
-023' 
-024' 
-N4 
-N4 
-N7 
-N7 
-Nl 
AT0M3 
-N20 
-N19 
-N4 
-N21 
-N21 
-N7 
-N7 
-N7 
-014 
-013 
-013 
-024' 
-022' 
-022' 
-02 r 
-021' 
-021 
-021 
-024 
-024 
-024 
-023 
-023 
-023 
-023 
-023' 
-C12 
-022' 
-C12 
-C12 
-023 
-C12 
-022 
-023 
-021 
-021 
-C12 
-N3 
-Nil 
-C8 
-Nil 
-Ni' 
ANGLE 
172.1(2) 
88.5(2) 
87.36(19) 
94.2(2) 
97.9(2) 
84.90(19) 
88.41(19) 
173.63(19) 
110.1(5) 
108.6(5) 
107.5(4) 
51(2) 
117(2) 
137.1(17) 
44.4(14) 
106.3(17) 
110.0(9) 
37.2(11) 
95(2) 
50.4(12) 
116.4(14) 
61.5(13) 
92.6(14) 
62.9(15) 
141.0(12) 
111(2) 
71.2(17) 
54.3(9) 
49.1(9) 
58.3(11) 
125(2) 
76.0(19) 
51.1(9) 
109(3) 
108.7(18) 
89(2) 
61.0(17) 
109.2(4) 
135.3(3) 
117.9(5) 
127.2(4) 
125.3(4) 
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C30 
C25 
C21 
C21 
C27 
N3 
N4 
Nl 
N7 
N7 
C9 
N13 
C17 
N13 
C15 
N21 
N18 
N18 
N19 
N20 
N4 
N20 
N4 
Oil 
012 
012 
023' 
022 
022 
023' 
024' 
023' 
024' 
021 ' 
022 
022' 
021 
022 
022' 
021 
022' 
C12 
021 ' 
023' 
021 ' 
022 
-N18 
-N19 
-N21 
-N21 
-N21 
-C2 
-C5 
-C5 
-C6 
-C8 
-CIO 
-C12 
-C12 
-C14 
-C16 
-C21 
-Nil 
-Nil 
-Nil 
-Nil 
-Nil 
-Nil 
-Nil 
-Cll 
-Cll 
-Cll 
-C12 
-C12 
-C12 
-C12 
-C12 
-C12 
-C12 
-C12 
-C12 
-C12 
-C12 
-C12 
-C12 
-C12 
-021 
-021 
-022 
-023 
-023 
-021' 
-Nil 
-Nil 
-C27 
-Nil 
-Nil 
-C12 
-Nl 
-C6 
-C5 
-C9 
-Cll 
-C17 
-C2 
-C15 
-C17 
-C22 
-N19 
-N4 
.N4 
-N21 
-N21 
-N7 
-N7 
-012 
-014 
-013 
-022 
-024' 
-022' 
-021' 
-021' 
-021 
-021 
-021 
-024 
-024 
-024 
-023 
-023 
-023 
-C12 
-023' 
-022' 
-021' 
-C12 
-C12 
119.1(4) 
120.2(5) 
105.0(6) 
112.4(4) 
114.9(5) 
124.8(5) 
108.7(4) 
129.5(4) 
112.7(4) 
122.2(6) 
119.9(6) 
124.3(5) 
119.7(5) 
123.5(6) 
118.0(6) 
117.6(6) 
91.9(2) 
90.13(18) 
163.77(19 
93.5(2) 
97.98(19) 
87.27(19) 
75.74(17) 
110.5(5) 
111.0(5) 
109.0(4) 
164.7(13) 
127.7(15) 
74.6(13) 
120.4(19) 
114.4(17) 
80.6(19) 
115.9(13) 
126.5(11) 
92.2(10) 
99.5(15) 
109.0(13) 
105.2(10) 
118.5(12) 
97.6(10) 
66.8(17) 
45.0(9) 
110(2) 
99.3(15) 
52.8(9) 
64.4(14) 
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C12 
021 
024" 
C12 
C12 
023^ 
024 
C5 
C2 
C6 
C5 
C2 
C23 
C21 
C28 
C28 
N3 
Nl 
N4 
N7 
Cll 
CIO 
C6 
N13 
C14 
C16 
C12 
C23 
C22 
C27 
C29 
N18 
N19 
C26 
C28 
-02 r 
-022' 
-023~ 
-023' 
-023' 
-024' 
-024' 
-N4 
-N3 
-N7 
-Nl 
-Nl 
-N20 
-N21 
-N21 
-N21 
-C2 
-C2 
-C5 
-C6 
-C6 
-C9 
-Cll 
-CI 2 
-N13 
-C15 
-C17 
-C22 
-C23 
-C26 
-C28 
-C30 
-C25 
-C27 
-C29 
-023 
-022 
-C12 
-023 
-021 
-024 
-C12 
-Nil 
-N4 
-Nil 
-C2 
-Nl' 
-Nil 
-C28 
-C27 
Nil 
-Nl 
-C12 
-C6 
-Cll 
-C5 
-C8 
-CIO 
-C2 
-C12 
-C14 
-C16 
-C21 
-N20 
-C25 
-N21 
-C29 
-C26 
-N21 
-C30 
64.2(13) 
124(2) 
68.4(14) 
69.5(15) 
54.4(13) 
121(2) 
71.2(11) 
114.3(3) 
106.5(5) 
114.7(3) 
105.8(4) 
128.7(5) 
118.4(4) 
102.2(6) 
110.1(8) 
111.3(5) 
109.7(4) 
125.5(5) 
121.8(4) 
123.9(5) 
123.4(5) 
119.5(6) 
116.6(6) 
116.0(5) 
116.4(5) 
118.8(6) 
119.0(6) 
116.5(6) 
111.2(5) 
116.4(8) 
124.5(9) 
112.3(7) 
112.1(7) 
119.9(7) 
127.1(10) 
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IR Spectra 
The preliminary identification regarding the nature of bonding of the 
iigands, trpn and abpt has been obtained from the bands obtained in the IR spectra 
(Tabie-6). Medium intensity bands in the regions, 3185-3295 cm' and 
1580-1600 cm'' in ail the complexes were assigned^' to the coordinated VNH2 and 
5NH2 vibrations, respectively of the trpn moiety. The lowering of the frequency 
corresponding to the free NH2 group of abpt may be attributed to the 
intramolecular hydrogen bonding (N13 Nf). A sharp intensity band in the 410-
440 cm'' region may, unambiguously be assigned to (M-N)trpn stretching mode of 
vibration . The out- of- plane ring deformation and in- plane ring deformation 
modes corresponding'*-'''''' to pyridine ring of abpt appear in the regions 408-
415 cm"' and 604-612 cm"' , respectively. The positive shift in these vibrations 
suggest the coordination of the pyridine nitrogen atom (N?) to the metal atom. 
However, pyridine ring vibrations in the higher frequency region, 1575-1590 cm'' 
appeared at their appropriate positions. The IR spectra of all the complexes gave 
medium intensity band in the region, 1465-1490 cm'' ascribed to u(C=N) 
vibration of the triazole ring and its position was found to be negatively shifted 
suggesting'*^ coordination via its N4 atom. In view of the close proximity of 
absorption bands arising from u(M-N)trpn and pyridyl group of abpt in the region, 
408-415 cm'' some peaks were difficuh to assign. A strong intensity band in the 
region, 215-235 cm'' corresponds to v(M-N)abpt vibration which has been found to 
be in conformation with the band position observed in the complexes derived from 
the nitrogen donor ligands''^'''^ All the complexes show medium intensity bands in 
the regions, 1081-1382 cm'' and 930-945 cm'' which may reasonably be 
assigned''* to perchlorate (C104 '^) vibrational modes. 
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Chapter - 4 
'H-NMR Spectrum 
The ^H-NMR spectrum of Zn(II) complex exhibits two triplets at 2.79 ppm 
and 2.52 ppm corresponding to methylene protons adjacent to primary amine (6H, 
CH2-NH2) and tertiary amine (6H, N-CH2) of trpn, respectively"*'. A broad signal 
appearing around 1.28 ppm and a multiplet observed at 1.58 ppm may be 
attributed"*' to the primary amine protons (6H, NH2) and middle methylene 
protons (6H, C-CH2-C), respectively of trpn moiety. The proton resonances of the 
coordinated pyridine ring appeared'"' at 8.51 ppm (d, Hn), 8.27 ppm (t, Hio), 7.51 
ppm (t, H9) and 8.57 ppm (d, Hg). However the resonances corresponding to the 
non-coordinated ring protons were observed'"' at 7.29 ppm (d, H17), 8.24 (t, Hie), 
7.29 ppm (t, H15) and 8.26 ppm (d, H14). The corresponding downfield shift 
observed in these data strongly suggest the coordination of pyridine nitrogen (N7) 
to the metal atom. The presence of a broad signal at 4.99 ppm may be attributed^° 
to primary amine protons (N-NH2, 2H) of the abpt ligand which show downfield 
shift due to the intramolecular H-bonding (Nn—Nr). 
Electronic Spectra and magnetic susceptibility measurement 
The electronic spectral and the magnetic moment studies (Table-7) of 
these complexes are described below: 
The observed magnetic moment value of 5.81 B.M. for the Mn(Il) 
complex corresponds '^ to the octahedral environment around the Mn^ ^ ion. The 
ligand field spectrum of this complex shows two bands at 26,495 and 19,685 cm"' 
assignable to Aig->''T2g and '^ Aig->'*Tig transitions, respectively characteristic '^ of 
134 
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the octahedral geometry for a d^  system. The observed magnetic moment value of 
5.45 B.M. for the Fe (II) complex corresponds '^ to a high spin state with T^2g as 
the ground state which is further confirmed by a weak ligand field band at 11,642 
cm'' assignable to T^2g->^ Eg transition, consistent '^ with an octahedral 
environment around the Fe(II) ion. However, on cooling the sample e^ff value 
decreases to 3.22 B.M. at 80 K suggesting that the Fe(II) complex predominantly 
is a low spin one. The electronic spectrum of the Co(II) complex gave three bands 
at 22,240 , 15,610 and 8,240 cm"' assigned to ''Tig(F)VTig(P), ''Tig(F)VA2g(F) 
and Tig(F)-> T2g(F) transitions, respectively consistent '^ with an octahedral 
geometry around cobalt (II) ion. The observed magnetic moment value of 5.21 
B.M. supports the electronic spectral findings^'. 
The electronic spectrum of the Ni(II) complex shows three bands at 
27,330, 20,210 and 11,225 cm"' corresponding '^ to ^A2g(F)->^Tig(P), 
•5 " l T - J 
A2g(F)-^  Tig(F), A2g(F)-> T2g(F) transitions, respectively similar to that of a 
typical octahedral complex of Ni(II) ion. The observed magnetic moment value of 
3.04 B.M. further supports '^ the proposed geometry. The observed magnetic 
moment value of 1.78 B.M. for the Cu(II) complex and two broad bands in the 
electronic spectrum around 19,460 and 16,390 cm'' assignable '^ to ^Big->^ Eg and 
7 7 r 1 
B|g-> B2g transitions, respectively suggest a distorted octahedral geometry for 
Cu(II) ion. 
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EPR Spectrum 
The EPR spectrum of the Cu(ll) complex recorded at room temperature 
shows a single band with gn and gi values of 2.24 and 2.14, respectively 
implying^^" '^' that d ,^ 2 is the ground state and the complex has a distorted 
octahedral geometry. It has been postulated^^ that the magnitude of the ratio 
(gii-2)/(gi-2), G indicates the possibility of exchange interaction in the Cu(Il) 
complexes. The G value of 2.3 (G < 4) for the [Cu(trpn)(abpt)](C104)2 indicates 
considerable exchange interaction between the Cu"^ ^ ions in the complex. 
Antibacterial activity 
Antibacterial activity was performed against one gram positive 
(Staphlococcus aureus) and one gram negative (Escherichia coli) bacteria and the 
results are summarized in Table 8. The activity was found to be saturated at the 
concentration of 2 mg/ml. Diameter of the zone of inhibition around the well is 
the measure of antibacterial activity. It is directly proportional to the antibacterial 
activity of the compound. The activity was not observed at the lower 
concentration then 1 mg/ml. 
Single crystal structure of [Ni(trpn)(abpt)](Cl04)2 
A view of [Ni(trpn)(abpt)](C104)2 unit together with the atom labeling 
scheme is presented in the Fig. 2. 
The crystal structure consists of a discrete [NiCtrpnJlabpt)]^"" octahedral 
cation and (C104)2^" anions. From the crystal structure it is clear that the 
octahedral environment around the Ni(II) ion is composed of four nitrogen donors 
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(Ni8, Ni9, N20, N21) from the trpn ligand and N7 (pyridine ring) and N4 atom 
(triazole ring) from the abpt ligand. The bond lengths and angles associated with 
the trpn ligand lie within the range reported ' for tripodal tetramines. In the free 
abpt ligand the angles N4-C5-C6 and N1-C5-C6 determining the position of the 
pyridine ring would be expected to be about 126° (Table-4). On complexation 
certain deformations occur in the structure of the ligand, the angle N4-C5-C6 is 
smaller [121.8 (4)'*] than N1-C5-C6 [129.5(4)°]. The configuration of the abpt 
ligand in the [Ni(trpn)(abpt)](€104)2 complex is similar to that observed''' in other 
mononuclear compounds. The Nitrogen atom of the non-coordinated pyridyl 
group is set in the position appropriate to form an intramolecular hydrogen bond 
with the amino group, i.e. N13—Nj . 
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CHAPTERS 
Synthesis and characterization of tris 
(acetylhydrazine) complexes of a few first row 
transition metals 
ICkwt^rl- ^ 
INTERACTION OF Mn(II), Fe(II), Co(II), Ni(n), Cu(II) AND 
Zn(II) WITH ACETYLHYDRAZINE FORMED IN-SITU; 
SYNTHESIS AND PHSICO-CHEMICAL STUDIES ON TRIS 
(ACETYLHYDRAZINE) METAL COMPLEXES; FIRST 
CRYSTAL STRUCTURE OF TRIS (ACETYLHYDRAZINE) 
NICKEL (II) PERCHLORATE 
INTRODUCTION 
Studies on the reactivity of functionally substituted hydrazines have 
immense importance since they have long been proposed to exhibit a plethora of 
biological activities'"^. The coordination chemistry of hydrazine and substituted 
hydrazines''^ presents some aspects of interest, including the influence that the 
ancillary ligands and central metal may have in determining the different 
coordination modes i.e. r\\ r|^ , |^  etc. of the hydrazine ligand and the 
understanding of the properties that the coordination to a metal fragment may 
induce on an NH2NH2 or RNHNH2 molecule towards reduction, oxidation and 
deprotonation reactions. 
Interest in the mode of action of certain N-acylhydrazines as antitubercular 
drugs particularly N-isonicotinoylhydrazine (inh)^''°'" has prompted 
investigations on the complexing ability of these compounds""'^. However, the 
study of inh complexes is complicated by the presence of a third potential 
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coordination site where the heterocyclic nitrogen atom may lead to the formation 
of polymeric complex . 
In view of the fact that there has been no evidence of tuberculostatic 
activity of acetylhydrazine, attempts were directed towards the study of 
pharmacological and antimicrobial activities in some derivatives of 
acetylhydrazine viz; hydrazone of [2-benzothiazolyIthio) acetyl] hydrazine 
possess antimicrobial activity'''; N, N'-diphenyl- N, N'-bis [(acetylthioacetyl)] 
hydrazine acts as anticataract agent and show antioxidant and a sulfide-reducing 
effects'^  and N-l-8(4-bromo-3-methylphenyl)-2-[2-(5-(2,3-dichlorophenyl)-2H-
l,2,3,4-tetraazol-2-yl)acetyl]hydrazine-l- carbothioamide and analogs bind with 
CD4 which have been reported'^  to inhibit HIV infection. The chelating behavior 
of acetylhydrazine has been studied by several groups of workers and some bis-, 
tris-, tetrakis-, and pentakis (acetylhydrazine) complexes of transition metals and / 
or rare earth metals have been reported ' describing their basic synthetic details 
and analysis of IR and UV-Visible spectra. 
Recently, scientists have begun exploring the use of Ni (II) complexes 
with amide ligands^^ in view of the fact that Ni (II) complexes with several 
oligopeptide ligands cause DNA cleavage in the presence of oxidants^ "'^ ^ in some 
instances with sequence selectivity . Thus the design of biologically active 
coordination compounds needs knowledge about the complexing behavior of the 
ligand system. The development of chemistry of acetylhydrazine is of particular 
significance because ligand bears some structural resemblance to amino acids. 
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This chapter emphasizes the synthesis and characterization of the 
complexes of the type, [M(ah)3](C104)2 [M = Mn , Fe , Co, Ni, Cu, Zn , ah = 
acetylhydrazine] , and first X-ray crystal structure of , [Ni(ah)3](C104)2 . The 
ligand, acetylhydrazine formed "in situ" by reacting acetylsalicylic acid methyl 
ester and hydrazine hydrate, selectively chelates first row transition metal ions 
MATERIALS AND METHODS 
The metal salts, M(C104)2.6H20 (M = Mn, Fe, Co, Ni, Cu, Zn) were 
commercially pure samples and received from Aldrich. Acetylhydrazine was 
synthesized by the stoichiometric reaction between hydrazine hydrate (sigma) and 
acetylsalicylic acid methyl ester (TCI, Tokyo). The solvent MeOH (AR grade) 
was used without further purification. 
Synthesis of Mononuclear Complexes, [M(ah)3](Cl04)2 
A methanolic solution (10ml) of hydrazine hydrate (0.3 nimol) was mixed 
with 0.3 mmol of acetylsalicylic acid methyl ester in 10 ml of methanol and 
stirred for about 1 hour at room temperature followed by addition of 0.1 mmol of 
M(C104)2.6H20 dissolved in 5 ml of methanol. The reaction mixture was refluxed 
and stirred for ca. 6 hrs. The resulting solution was allowed to stand at room 
temperature for about a week leading to the isolation of microcrystalline solids for 
Mn(II) 1 , Fe(II) 2, Co(II) 3, Cu(II) 5 and Zn(II) 6. However good quality single 
crystals were obtained for Ni (II) 4. 
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The elemental analyses were carried out on a Perkin Elmer-2400 analyzer. 
The FT-IR spectra (4000-200 cm'') were recorded CsCl discs on a perkin-Elmer 
2400 spectrophotometer. The 'H-NMR spectrum was recorded on a Jeol Eclipse 
400 NMR spectrometer in DMSO-de. Metals and chloride were determined 
volumetrically^" and gravimetrically^^ respectively. The electronic spectra of the 
complexes in DMSO were recorded on a Pye-Unicam 8800 spectrophotometer at 
room temperature. Magnetic susceptibility measurements were carried out using a 
Faraday balance at 25 C. The electrical conductivities of 10 M solutions in 
DMSO were obtained on a digital APX 185 conductivity bridge equilibrated at 
25±0.01 °C. 
Crystals of the complex 4 were obtained from a methanolic solution. A 
blue colored prismatic crystal having approximate dimensions 0.20 x 0.20 x 0.20 
mm was mounted on a glass fibre. All measurements were made on a Rigaku AF 
C7R diffractometer with graphite monochromated radiation. The structure was 
solved by heavy atom Patterson methods and expanded using Fourier techniques 
and was refined on F by full matrix least square. The non-hydrogen atoms were 
refined anisotropically. Hydrogen atoms were refined isotropically. Intensity data 
were corrected for Lorenz and polarization. 
Crystallographic data and refinement parameters for the complex 4 is 
given in Table-1. The atomic coordinates, bond lengths and angles with their 
estimated deviations are given in Tables - 2-4. 
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Table 1: Crystallographic data for [Ni(ah)3](C104)2 4 
Formula weight 
space group 
a (A) 
b(A) 
c(A) 
a(deg) 
P(deg) 
y(deg) 
V(A^) 
Z 
F (000) 
Deal 
T(K) 
|i(MoKa) (cm-') 
Scan rate (deg min' 
29 range (deg) 
' in (o) 
-
Number of reflections measured 
Number of unique 
(Io>2cT{Ic){M) 
Variables (N) 
S 
reflections used 
Max./min residual (eA^^ ) 
R 
WR2 
479.83 
?\ 
10.480(3) 
10.505(4) 
9.750 (2) 
105.16(3) 
106.72(2) 
111.40(3) 
872.5(6) 
2 
492 
1.827 
293 
1.486 
16 
3.0-55.0 
4317 
3558 
235 
1.055 
0.697/-0.673. 
0.046 
0.137 
R = I(|FoHFc|)/I|Fo| 
wR2=[Zw(|Fo|-|Fc|)'/Zw|Fop]"' 
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Table 2: Atomic coordinates for [Ni(ah)3](C104)2 4 
ATOM 
Nil 
Cll 
Oil 
012 
013 
014 
C12 
021 
022 
023 
024 
Cll 
C12 
012A 
N12A 
N12B 
C21 
C22 
022A 
N22A 
N22B 
C31 
C32 
032A 
N32A 
N32B 
X 
0.4359(1) 
0.3125(1) 
0.2276(5) 
0.2116(3) 
0.4201(5) 
0.3898(5) 
-0.0129(1) 
0.0391(4) 
0.0505(6) 
0.0165(10) 
-0.1742(6) 
0.0791(5) 
0.1822(4) 
0.3218(2) 
0.1197(3) 
0.2157(3) 
0.7809(5) 
0.6456(4) 
0.6272(3) 
0.5470(4) 
0.4112(3) 
0.7419(5) 
0.6300(4) 
0.5530(3) 
0.6178(4) 
0.5114(3) ' 
Y 
0.2522(1) 
0.1222(1) 
0.0777(6) 
0.0589(4) 
0.0689(5) 
0.2795(4) 
-0.2891(1) 
-0.3970(4) 
-0.1825(4) 
-0.2150(10) 
-0.3623(5) 
0,2774(5) 
0.2509(4) 
0.3142(2) 
0.1576(4) 
0.1395(3) 
0.3314(6) 
0.2748(4) 
0.3594(3) 
0.1296(4) 
0.0734(3) 
0.3066(5) 
0.3112(4) 
0.2031(2) 
0.4365(3) 
0.4427(3) 
Z 
0.0120(1) 
-0.5708(1) 
-0.4850(4) 
-0.7332(3) 
-0.5534(4) 
-0.5120(5) 
-0.2237(1) 
-0.2325(4) 
-0.0687(5) 
-0.3191(8) 
-0.2702(8) 
-0.3021(5) 
-0.1846(4) 
-0.1414(3) 
-0.1251(4) 
-0.0049(4) 
-0.1471(6) 
-0.1138(4) 
-0.0151(3) 
-0.1931(3) 
-0.1726(3) 
0.4446(4) 
0.3111(4) 
0.1805(2) 
0.3372(3) 
0.2151(3) 
Ueq 
0.028(1) 
0.040(1) 
0.090(1) 
0.060(1) 
0.090(1) 
0.093(1) 
0.059(1) 
0.078(1) 
0.097(1) 
0.167(3) 
0.133(2) 
0.054(1) 
0.036(1) 
0.034(1) 
0.047(1) 
0.041(1) 
0.063(1) 
0.040(1) 
0.040(1) 
0.045(1) 
0.036(1) 
0.057(1) 
0.038(1) 
0.037(1) 
0.042(1) 
0.039(1) 
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Table 3: Bond lengths (A°) for [Ni(ah)3](C104)2 4 
ATOMl 
Nil 
Nil 
Nil 
Cll 
Cll 
C12 
C12 
Cll 
C12 
C21 
C22 
C3i 
C32 
AT0M2 
-012A 
-032A 
-NI2B 
-014 
-Oil 
-023 
-021 
-C12 
-N12A 
-C22 
-N22A 
-C32 
-N32A 
DISTANCE 
2.035(2) 
2.053(2) 
2.107(3) 
1.406(4) 
1.427(4) 
1.391(5) 
1.420(3) 
1.493(5) 
1.331(4) 
1.489(5) 
1.329(5) 
1.506(5) 
1.333(4) 
ATOMl 
Nil 
Nil 
Nil 
Cll 
Cll 
C12 
C12 
C12 
.N12A 
C22 
N22A 
C32 
N32A 
AT0M2 
-022A 
-N32B 
-N22B 
-013 
-012 
-022 
-024 
-012A 
-N12B 
-022A 
-N22B 
-032A 
-N32B 
DISTANCE 
2.042(2) 
2.103(3) 
2.108(3) 
1.419(3) 
1.429(3) 
1.405(4) 
1.443(5) 
1.244(4) 
1.415(4) 
1.241(4) 
1.423(4) 
1.243(4) 
1.412(4) 
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Table 4: Bond angles (") with standard deviation for [Ni(ah)3](C104)2 4 
ATOMl 
012A 
022A 
022A 
012A 
032A 
012A 
032A 
N12B 
014 
014 
Oil 
023 
023 
021 
012A 
C12 
N12A 
022A 
C22 
N22A 
032A 
C32 
N32A 
AT0M2 
-Nil 
-Nil 
-Nil 
-Nil 
-Nil 
-Nil 
-Nil 
-Nil 
-CU 
-Cll 
-Cll 
-C12 
-C12 
-C12 
-C12 
-012A 
-N12B 
-C22 
-022A 
-N22B 
-C32 
-032A 
-N32B 
AT0M3 
-022A 
-032A 
-N32B 
-N12B 
-N12B 
-N22B 
-N22B 
-N22B 
-Oil 
-012 
-012 
-021 
-024 
-024 
-Cll 
-Nil 
-Nil 
-C21 
-Nil 
-Nil 
-C31 
-Nil 
-Nil 
ANGLE 
89.95(10) 
90.75(10) 
90.00(11) 
79.51(10) 
100.11(11) 
91.86(10) 
92.54(10) 
95.45(12) 
109.8(3) 
110.4(2) 
109.1(2) 
112.9(3) 
108.5(4) 
109.3(3) 
121.9(3) 
114.2(2) 
106.22(19) 
121.3(4) 
113.4(2) 
105.78(19) 
121.4(3) 
112.9(2) 
105.98(19) 
ATOMl 
012A 
012A 
032A 
022A 
N32B 
022A 
N32B 
014 
013 
013 
023 
022 
022 
012A 
N12A 
C12 
022A 
N22A 
C22 
032A 
N32A 
C32 
AT0M2 
-Nil 
-Nil 
-Nil 
-Nil 
-Nil 
-Nil 
-Nil 
-Cll 
-Cll 
-Cll 
-C12 
-C12 
-C12 
-C12 
-C12 
-N12A 
-C22 
-C22 
-N22A 
-C32 
-C32 
-N32A 
AT0M3 
-032A 
-N32B 
-N32B 
-N12B 
-N12B 
-N22B 
N22B 
-013 
-on 
-012 
-022 
-021 
-024 
-N12A 
-Cll 
-N12B 
-N22A 
-C21 
-N22B 
-N32A 
-C31 
-N32B 
ANGLE 
175.59(8) 
96.07(11) 
79.58(10) 
168.47(11) 
95.73(13) 
80.09(11) 
167.30(12) 
108.8(3) 
109.4(3) 
109.2(2) 
109.0(4) 
11.6(3) 
105.3(3) 
120.5(3) 
117.6(3) 
118.7(3) 
121.7(3) 
117.0(3) 
118.6(3) 
121.0(3) 
117.6(3) 
118.8(3) 
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Chapter - 5 
RESULTS AND DISCUSSION 
A series of mononuclear complexes of the type, [M(ah)3](C104)2 [M = 
Mn, Fe , Co, Ni, Cu, Zn, ah = acetylhydrazine] have been prepared by the reaction 
of M(C104)2.6H20 with acetylhydrazine formed "in situ" . 
It is well known that the acetylation of hydrazine leads to the formation of 
acid hydrazide''^ '*'"'*'^ ^ as shown below: 
RCOOR+ NH2-NH2 •RCONH.NH2 + ROH 
Therefore, it is apparent that possibly the following reaction takes place 
while reacting acetylsalicylic acid methyl ester and hydrazine hydrate: 
(Me -) OCOC6H4CO(-OMe) + NH2.NH2.H2O • 
(HO)C6H4CO(OMe) + NH2NH.C0(Me) 
The acetylhydrazine thus formed selectively chelates with first row 
transition metal ions resulting in the formation of complexes having the proposed 
composition as [M(ah)3](CJ04)2 • It may be visualized from this type of reaction 
the possibility of having different derivatives or even it may give a method for 
synthesis of salicylic acid itself 
The analytical data of all the complexes (Table-5) agree well with the 
proposed composition. The molar conductance values (Table-5) measured in 
DMSO (lO'^M) indicate^^ 1:2 electrolyte nature of the complexes. All the 
complexes are stable in atmosphere and dissolve in DMSO, H2O, MeOH, and 
MeCN. 
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IR Spectra 
The major IR spectral features of the complexes l^ are listed in Table-6. 
IR spectra show bands characteristic of [\)(N-H)] and [6(NH2)] of the NH-NH2 
group of acetylhydrazine moiety comparable to that reported^ earlier suggesting 
the coordination of NH2 group. However, the lowering in the position of these 
bands may possibly be due to intramolecular hydrogen bonding (N22b ••• On. 
Ni2b O22). A sharp band appearing around 398-415 cm"' corresponds to 
v(M-N) vibration'^ '. A drop in v{CO) carbonyl stretching frequency shows the 
carbonyl oxygen to be the donor site in these complexes .^ Presence of a distinct 
v(M-O) band in 510-528 cm'' region, gives the additional support"*" to the above 
conclusion. Strong intensity bands appearing around 985-1004 cm"' may be 
ascribed to v(N-N) vibration"". The absorption bands appearing in the region, 
2921-2950 cm"' corresponds to v(C-H) stretching mode of acetyl -CH3 group .^ All 
the complexes show medium intensity bands in the regions 1085-1112 cm"' and 
932-948 cm"' which may reasonably be assigned to perchlorate (C104)'^  
vibrational modes "*'. 
'H-NMR Spectrum 
The 'H-NMR spectrum of the Zn complex 6 shows a triplet at 6.18 ppm 
(3H, NH) and a doublet at 6.58 ppm (6H,NH2) corresponding' to NHNH2 group of 
acetylhydrazine ligand. However, position of the NH2 signal is downfield shifted 
possibly due to the involvement of two of the NH2 groups in intramolecular 
hydrogen bonding (N22b ••' On, Ni2b O22). While a singlet at 1.98 ppm 
may be attributed '^''^  to methyl protons (9H, -CH3CO) of acetyl group. 
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Electronics Spectra and magnetic susceptibility measurement 
Further confirmation regarding the overall geometry of these complexes 
has been obtained from magnetic susceptibility measurements and electronic 
spectral studies (Table-7). 
The observed magnetic moment, 5.83 B.M for Mn(ll) corresponds to high 
spin octahedral d^  system suggesting'*"' ^Aig as the ground state. The observed 
ligand field transitions at 22,738 and 18,679 cm'' designated for ^Aig->'*T2g and 
^Aig-^ '^ T^ig transitions, respectively complements the magnetic moment findings 
and confirm the octahedral geometry''"' of [Mn(ah)3](CI04)2. 
A weak intensity band observed in the electronic spectrum of Fe(ll) at 
11,659 cm"' may be assigned to T^2g->^ Eg transition and the observed magnetic 
moment (Table-7) corresponds''^  to high spin d^  octahedral environment around 
iron (II). 
However, the electronic spectrum of the Co(II) complex gave three distinct 
bands discerned at 21,000, 14,695, and 8,100 cm'' which may be ascribed to 
^T,g(F)->^Tig(P), ^T,g(F)^%g(F), ''Tig(F)^ T^2g(F) transitions, respectively 
consistent with an octahedral geometry around cobalt (II) ion''"'. The magnetic 
moment value of 5.20 B.M complements''^  the electronic spectral findings of 
[Co(ah)3](C104)2. 
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The observed magnetic moment and bands observed in the spectrum for 
[Ni(ah)3](C104)2 (Table-7) correspond to an octahedral environment"^ around 
Ni(II). 
The electronic spectrum of the copper complex exhibits a broad band 
centered ca. 19,462 cm'' with a shoulder at 16,389 cm'' which may be assigned to 
^Big->^Eg and ^Big->^ B2g transitions, respectively consistent''^  with distorted 
octahedral environment around metal ion. The magnetic moment value of 1.77 
B.M further corroborates'*^ the electronic spectral findings. 
Single crystal structure offNi (ah)3j(Cl04)2 i 
The X-ray analysis of the complex, [Ni(ah)3](C104)2 was undertaken to 
ascertain the mode of coordination of acetylhydrazine. The crystal structure 
revealed (Fig-1) that three acetylhydrazine ligands coordinates to the Ni(II) ion via 
their carbonyl oxygen and terminal amine nitrogen atoms forming five membered 
chelate rings. 
The triclinic unit cell consists of discrete cation [Ni(ah)3]^ '^  and (C104)2 '^ 
anions which reinforce packing through intramolecular hydrogen bonding. The 
N...0 contacts extends between the two acetylhydrazine ligands and (C104)2 '^ 
anions, i.e. Oii....N22bandNi2...022. 
As shovra in the Fig-1 the complex cafion exhibits an octahedral 
environment with Ni(II) ion coordinated to three nitrogen atoms (N22b, Ni2b, N32b) 
and three oxygen atoms (022a, Oi2a, 032a) of acetylhydrazine ligands. 
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CHAPTER-6 
Synthesis and characterization of cation supported 
group 12 coordination polymers bearing 
carboxylate bridges of a tripodal ligand, 3, 3 \ 3 ' -
nitrilotripropionic acid 
Chapter - 6 
CATION SUPPORTED SELF-ASSEMBLY OF COORDINATION 
POLYMERS, [(H2en)(ntpMCl2)]„ [M = Zn(II), Cd(II), Hg(II) 
INVOLVING TRIPODAL ACID, NTP. X-RAY CRYSTAL 
STRUCTURE AND DNA BINDING STUDIES ON ZINC 
HELICATE 
INTRODUCTION 
The rational design and synthesis of novel coordination polymers is of 
current interest in the field of supramolecular chemistry and crystal engineering, 
not only because of intellectual challenges in self assembly processes but also due 
to their potential applications in catalysis, sensing, molecular electronics, 
magnetic devices and porous and nano size materials'. Judicious metal - ligand 
combination in terms of stereochemical preferences of metal ions, ligand topocity 
and flexibility can precisely be matched to achieve a remarkable degree of 
specificity in the course of self assembly process through soft chemicaP'^  or 
hydrothermal procedures^'\ The unique strength, directionality and 
complementarity of non-covalent hydrogen and coordinate bonding play a central 
role in the creation of a variety of architectural motifs . Helical structures have 
received much attention in coordination chemistry and material chemistry over the 
past decade because of the fundamental role of helicity in biology''^ , such as 
strong DNA binding affinity which make them promising candidates for the 
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selective recognition, binding and cleavage of oligonucleotides . There are reports 
that sometimes the use of counterions^ ''*'^ -*'"'"* (template effect), co-ligand'°or 
solvents'*'^  direct the course of self assembly processes. In search of rational 
design of functional materials with extended architectures leading to 
supramolecular edifices, the multicarboxylate ligands bearing differently oriented 
carboxylate groups with versatile coordination modes have been proved to be the 
most efficient ones '^^ '^ '^'^  due to considerable flexible steric orientation of the 
carboxylate groups enabling carboxyl groups to connect metal ions in different 
directions, thus favoring the formation of helicate structures. 
In view of considerable flexibility and versatile coordination sites expected 
to exhibit both coordinate and non-covalent interactions of multicarboxylate 
ligands, it was thought worthwhile to explore the possibility of a tripodal acid , 
3, 3\3"- nitrilotripropionic acid , ntp to generate supramolecular architectures. 
This chapter describes the synthesis and characterization of coordination polymers 
of the type, [(H2en)(ntpMCl2)]n, M , M = Zn(II), Cd(II), Hg(II) and single crystal 
structure and DNA binding studies of [(H2en)(ntpZnCl2)]n 1- It seems to be the 
first report of its kind where en has dictated the formation of single stranded 
helical architectures. However, no interaction has been observed between MCb 
and ntp in absence of en rather ntp separates out as such leaving MCI2 in solution. 
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MATERIALS AND METHODS 
The metal salts MCb [M = Zn(II) Cd(II), Hg(II)], ethylenediamine (Both 
Aldrich) and 3, 3 \ 3"- nitrilotripropionic acid, (TCI, Tokyo, Kasei) were 
commercially pure samples and used as received while MeOH (AR grade) was 
used without further purification. However water was distilled before use. Calf 
thymus DNA was of sigma chemical Co, USA. 
Synthesis of the [(H2en)(ntpMCl^]„ polymers 
An aqueous solution (20ml) of ntp (6 mmol) was reacted with MCI2 
(3 mmol) [M = Zn(llj, Cd(II), Hg(II)] taken in MeOH (20 ml) followed by 
addition of en (6 mmol). The reaction contents were stirred at room temperature 
for about 18 h. The reaction mixture was allowed to stand at room temperature 
resulting in microcrystalline solids for Cd(II) 2 and Hg(II) 3. However, good 
quality crystals appeared after a period of one week for Zn(II) 1.. 
The elemental analyses were carried out on a Perkin Elmer-2400 analyzer. 
The IR spectra (4000-200 cm'') of the compounds were recorded as nujol mulls 
on a perkin-Elmer 2400 spectrophotometer using Csl optics. The 'H-NMR spectra 
of the compounds were recorded on a Jeol Eclipse 400 NMR spectrophotometer in 
D2O. Metals and chlorides were determined volumetrically^° and gravimetrically '^, 
respectively. The electrical conductivities of 10'^  M solutions in H2O were obtained 
on a digital APX 185 conductivity bridge equilibrated at 25±0.01 °C. 
• Fluorescence measurements on the compound 1. were made on a Shimadzu 
RF-5301PC spectrofluorometer, equipped with microcomputer. The fluorescence 
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spectra were measured by three scans with concentration of 50 p.M with 1 cm cell 
path length. Excitation and emission slits were set at 5 nm each. The spectra were 
recorded in 310-450 nm range and the excitation wavelength was set at 310 nm. 
All the stock solutions were filtered through 0.20 |im millipore filters prior to 
mixing to minimize the inner filter effect . 
A colorless prismatic crystal of i having approximate dimensions of 0.1 x 
0.25 X 0.3 mm was mounted on a glass fibre. All measurements were made on a 
Rigaku AFC7R diffractometer with graphite monochromated radiation. Intensity 
data were corrected for Lorenz and polarization and absorption: the values for the 
mass attenuation coefficients are those of Creagh and HubbeP^. The structure was 
solved by heavy atom Patterson methods^ "* and expanded using Fourier 
techniques'^  and was refined on F by full matrix least squares. The non-hydrogen 
atoms were refined anisotropically. Hydrogen atoms were refined isotropically. 
Neutral atom scattering factors were taken firom Cromer and Waber'^ . Anomalous 
dispersion effects were included in Fcaid'^ ; the values for A f and A f' were those 
of Creagh and McAuley'^ . All calculations were performed using the teXsan'^  
crystallographic software package of molecular structure corporation. 
Crystal data, collection and refinement details for compound 
[H2en]^lntpZnCl2]'" are summarized in Table 1. Atomic coordinates and Bisc/Beq, 
Anisotropic Displacement Parameters, Bond Lengths (A°), Intramolecular Bond 
Angles, Torsion Angles (°) with standard deviation and Non-bonded Contacts out 
o 
to 3.60 A are given in Tables 2-7. 
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Table -1 Crystal data, collection and refinement details for compound 
[H2en]^ [^ntpZnCl2]'^  
Empirical Formula 
Formula Weight 
Crystal Color, Habit 
Crystal Dimensions 
Crystal System 
Lattice Type 
No. of Reflections Used for Unit cell 
Determination (29 range) 
Omega Scan Peak Width 
at Half-Height 
Lattice Parameters 
Space Group 
Z Value 
Dcalc 
Fooo 
\i (MoKa) 
Diffractometer 
Radiation 
Attenuator 
CiiHzaNsCbZnOe 
429.61 
Colorless, Prismatic 
0.1 xO.25 X 0.3 mm 
Monoclinic 
Primitive 
25(29.1-29.9°) 
0.38° 
a = 10.083 (1)°A 
b= 11.426(2) °A 
c= 15.546(2) °A 
p= 106.731(10)° 
V= 1715.1(3) °A^  
P2i/c (# 14) 
4 
1.664 g/cm^ 
888.00 
17.75 cm"' 
Rigaku AFC7R 
MoKa (X = 0.71069 °A) graphite 
monochromated 
Zr foil (factors 
=1.00,8.36,8.36,8.36) 
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Take-off Angle 
Detector Aperture 
Crystal to Detector Distance 
Temperature 
Scan Type 
Scan Rate 
Scan Width 
No. of reflections Measured 
Corrections 
Refinement 
Function Minimized 
Least Square Weights 
P - factor 
Anomalous Dispersion 
No. Observations (I>3.00 a (I)) 
No. Variables 
Reflection / Parameter Ratio 
Residuals :R; Rw 
Goodness of Fit Indicator 
Max Shift / Error in final Cycle 
Maximum peak in Final Diff Map 
Minimum peak in Final Diff. Map 
6.0° 
9.0 mm horizontal, 13.0 mm 
vertical 
235 mm 
296 K 
(0-29 
8.0° / min (in w) - up to 3 scans 
(1.15+ 0.30 tan 0)° 
55.0° 
Total: 4359 
Unique: 4133 (Rin, = 0.027) 
Lorentz- polarization 
Absorbtion(trans. factors : 
0.7900-1.0000) 
Full-matrix least-squares 
Zco(IFol-IFel)' 
l/a'(Fo)= 4Fo'/a'(Fo') 
0.00 
All non- hydrogen atoms 
2656 
300 
8.85 
0.036; 0.038 
1.10 
0.01 
0.46e7 °A^  
-0.58 eV °A^  
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Table 2: Atomic coordinates and Biso/Beq with standard deviation 
Atom 
Zn(l) 
CI(1) 
Cl(2) 
0(1) 
0(2) 
0(3) 
0(4) 
0(5) 
0(6) 
N(l) 
N(2) 
N(3) 
C(l) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(10) 
C(ll) 
H(l) 
H(2) 
H(3) 
H(4) 
H(5) 
H(6) 
X 
0.17449(5) 
0.1930(1) 
0.2218(1) 
-0.0019(3) 
-0.1226(3) 
-0.3227(3) 
-0.2366(3) 
-0.2008(3) 
-0.2821(3) 
-0.4091(3) 
-0.0496(4) 
0.0529(4) 
-0.3767(4) 
-0.2446(4) 
-0.1156(4) 
-0.4813(5) 
-0.4739(4) 
-0.3322(4) 
-0.4916(4) 
-0.4017(4) 
-0.2852(4) 
-0.1259(5) 
-0.0518(5) 
-0.336(5) 
-0.368(4) 
-0.454(5) 
-0.242(5) 
-0.239(5) 
-0.444(4) 
y 
0.14031(4) 
0.33468(9) 
0.06407(10) 
0.0826(2) 
0.1881(3) 
0.5743(3) 
0.3937(3) 
0.3743(3) 
0.4342(3) 
0.2458(3) 
0.5569(3) 
0.8223(4) 
0.1169(3) 
0.0915(4) 
0.1252(3) 
0.2870(4) 
0.4185(4) 
0.4635(4) 
0.2752(4) 
0.2815(4) 
0.3714(4) 
0.6690(4) 
0.7750(4) 
0.286(4) 
0.088(4) 
0.075(4) 
0.128(5) 
0.008(5) 
0.250(4) 
z 
0.17635(3) 
0.18483(9) 
0.05305(7) 
0.1938(2) 
0.0768(2) 
0.2229(2) 
0.2420(2) 
-0.0919(2) 
0.0194(2) 
0.0822(2) 
0.1144(3) 
0.0960(3) 
0.0930(3) 
0.1670(3) 
0.1414(3) 
0.1487(3) 
0.1617(3) 
0.2132(3) 
-0.0123(3) 
-0.0750(3) 
-0.0460(3) 
0.0882(3) 
0.1365(3) 
0.090(3) 
0.036(3) 
0.110(3) 
0.220(3) 
0.186(3) 
0.205(3) 
Beq 
2.050(8) 
3.57(3) 
2.83(2) 
2.36(6) 
2.93(6) 
2.96(6) 
3.72(7) 
3.60(8) 
3.04(7) 
1.88(6) 
2.50(8) 
2.73(8) 
2.33(8) 
2.42(9) 
1.94(7) 
2.65(9) 
2.68(9) 
2.34(8) 
2.40(8) 
2.49(9) 
2.46(8) 
2.83(9) 
2.66(9) 
3(1) 
2.2(9) 
3(1) 
3(1) 
3(1) 
1.7(8) 
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H(7) 
H(8) 
H(9) 
H(10] 
H(ll] 
H(12^ 
H(13] 
H(14] 
H(15^ 
H(16^ 
H(17: 
H(18: 
H(19: 
H(20; 
H(2i; 
H(22; 
H(23; 
-0.577(5) 
-0.503(5) 
-0.539(5) 
-0.532(5) 
-0.560(4) 
-0.457(5) 
-0.362(5) 
0.031(6) 
-0.030(4) 
-0.091(6) 
-0.143(4) 
1 -Q.216(5) 
I -0.005(4) 
1 -0.116(6) 
) 0.095(5) 
) 0.020(6) 
) 0.117(5) 
0.255(4) 
0.457(4) 
0.439(5) 
0.352(4) 
0.214(4) 
0.297(4) 
0.205(4) 
0.552(5) 
0.545(3) 
0.505(5) 
0.678(4) 
0.664(4) 
0.757(4) 
0.834(6) 
0.866(4) 
0.849(5) 
0.764(4) 
0.127(3) 
0.104(3) 
0.199(3) 
-0.006(3) 
-0.032(3) 
-0.135(3) 
-0.082(3) 
0.093(3) 
0.181(3) 
0.085(4) 
0.024(3) 
0.110(3) 
0.205(3) 
0.139(4) 
0.124(3) 
0.035(4) 
0.087(3) 
3.2(10) 
3(1) 
4(1) 
2.9(10) 
2.9(10) 
3.0(10) 
3(1) 
4(1) 
1.3(8) 
4(1) 
2.2(9) 
4(1) 
2.9(10) 
6(1) 
2(1) 
5(1) 
2.8(10) 
Beq = 8/3 7i\Uii(aa*)^ + U22(bb*)^  + U33(cc*)^  + 2Ui2aa*bb* cos y 
+ 2Ui3aa cc cosp + 2U23bb cc cos a) 
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Table 3: Anisotropic Displacement Parameters with standard deviation 
Atom 
Zn(l) 
Cl(l) 
Cl(2) 
0(1) 
0(2) 
0(3) 
0(4) 
0(5) 
0(6) 
N(l) 
N(2) 
N(3) 
C(l) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(10) 
C(ll) 
u„ 
0.0247(2) 
0.0497(7) 
0.0385(5) 
0.022(1) 
0.027(1) 
0.034(2) 
0.034(2) 
0.041(2) 
0.034(2) 
0.017(1) 
0.031(2) 
0.031(2) 
0.024(2) 
0.027(2) 
0.022(2) 
0.030(2) 
0.024(2) 
0.028(2) 
0.023(2) 
0.028(2) 
0.027(2) 
0.029(2) 
0.039(2) 
U22 
0.0215(2) 
0.0208(5) 
0.0340(5) 
0.031(2) 
0.046(2) 
0.024(1) 
0.033(2) 
0.039(2) 
0.034(2) 
0.019(2) 
0.027(2) 
0.031(2) 
0.020(2) 
0.027(2) 
0.021(2) 
0.030(2) 
0.031(2) 
0.029(2) 
0.028(2) 
0.033(2) 
0.027(2) 
0.032(2) 
0.028(2) 
U33 
0.0319(2) 
0.0749(8) 
0.0378(5) 
0.035(2) 
0.037(2) 
0.045(2) 
0.060(2) 
0.066(2) 
0.046(2) 
0.035(2) 
0.037(2) 
0.040(2) 
0.043(2) 
0.039(2) 
0.029(2) 
0.044(3) 
0.046(3) 
0.029(2) 
0.036(2) 
0.030(2) 
0.038(2) 
0.043(3) 
0.039(2) 
U,2 
0.0001(2) 
-0.0034(5) 
0.0010(4) 
0.003(1) 
0.001(1) 
-0.003(1) 
0.006(1) 
0.003(1) 
-0.010(1) 
-0.003(1) 
-0.006(2) 
-0.006(2) 
-0.001(2) 
0.003(2) 
0.001(1) 
-0.006(2) 
0.002(2) 
-0.002(2) 
-0.003(2) 
-0.002(2) 
0.004(2) 
-0.003(2) 
-0.001(2) 
U,3 
0.0084(2) 
0.0336(6) 
0.0154(4) 
0.005(1) 
0.007(1) 
-0.004(1) 
-0.010(2) 
0.031(2) 
0.009(1) 
0.007(1) 
0.010(2) 
0.008(2) 
0.007(2) 
0.011(2) 
0.005(1) 
0.016(2) 
0.007(2) 
0.004(2) 
0.002(2) 
0.003(2) 
0.007(2) 
0.004(2) 
0.018(2) 
U23 
0.0004(2) 
-0.0058(5) 
-0.0054(5) 
0.008(1) 
0.015(1) 
-0.003(1) 
-0.003(2) 
0.012(2) 
-0.007(1) 
0.002(1) 
-0.005(2) 
-0.002(2) 
-0.001(2) 
0.007(2) 
-0.001(2) 
-0.007(2) 
-0.008(2) 
0.000(2) 
-0.002(2) 
0.000(2) 
0.013(2) 
0.005(2) 
-0.001(2) 
The general temperature factor expression: 
exp(-27iV^ Unh^ + b*^U22k^ + c*^U33p + 2a*b'Ui2hk + 2a*c* Uijhl + 2b* c* U23kl) 
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Table 4: Bond Lengths (A°) with standard deviation 
Atom 
Zn(l) 
Zn(l) 
0(1) 
0(3) 
0(5) 
N(l) 
N(l) 
N(2) 
N(2) 
N(3) 
N(3) 
C(l) 
C(l) 
C(2) 
C(4) 
C(4) 
C(5) 
C(7) 
C(7) 
C(8) 
C(10) 
C(10) 
C(ll) 
Zn(l) 
Zn(l) 
0(2) 
0(4) 
0(6) 
N(l) 
atom 
Cl(l) 
0(1) 
C(3) 
C(6) 
C(9) 
C(l) 
C(7) 
C(10) 
H(15) 
C(ll) 
H(22) 
C(2) 
H(3) 
H(4) 
C(5) 
H(7) 
H(8) 
C(8) 
H(ll) 
H(12) 
C(ll) 
H(18) 
H(20) 
Cl(2) 
0(3) 
C(3) 
C(6) 
C(9) 
C(4) 
distance 
2.230(1) 
1.987(3) 
1.296(4) 
1.275(5) 
1.258(5) 
1.507(5) 
1.503(5) 
1.488(6) 
1.01(4) 
1.478(6) 
0.95(6) 
1.517(6) 
1.01(5) 
0.92(5) 
1.514(6) 
1.00(5) 
0.97(5) 
1.511(6), 
0.96(5) 
0.95(5) 
1.505(6) 
1.06(5) 
0.95(6) 
2.277(1) 
1.977(3) 
1.220(5) 
1.231(5) 
1.239(5) 
1.501(5) 
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N(l) 
N(2) 
N(2) 
N(3) 
N(3) 
C(l) 
C(2) 
C(2) 
C(4) 
C(5) 
C(5) 
C(7) 
C(8) 
C(8) 
C(10) 
C(ll) 
H(l) 
H(14) 
H(16) 
H(21) 
H(23) 
H(2) 
C(3) 
H(5) 
H(6) 
C(6) 
H(9) 
H(10) 
C(9) 
H(13) 
H(17) 
H(19) 
0.85(5) 
0.96(6) 
0.80(6) 
0.72(5) 
0.97(5) 
0.97(4) 
1.515(5) 
1.00(5) 
0.95(4) 
1.513(6) 
1.02(5) 
0.98(5) 
1.528(6) 
0.98(5) 
0.97(4) 
1.06(4) 
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Table -5: Intramolecular Bond Angles with standard deviation 
Atom 
Cl(l) 
Cl(l) 
Cl(l) 
Cl(2) 
CI(2) 
0(1) 
Zn(l) 
Zn(l) 
C(l) 
C(l) 
C(l) 
C(4) 
C(4) 
C(7) 
C(10) 
C(10) 
C(10) 
H(14) 
H(14) 
H(15) 
C(ll) 
C(ll) 
C(ll) 
H(21) 
H(21) 
H(22) 
N(l) 
N(l) 
N(l) 
atom 
Zn(l) 
Zn(l) 
Zn(l) 
Zn(l) 
Zn(l) 
Zn(l) 
0(1) 
0(3) 
N(l) 
N(l) 
N(l) 
N(l) 
N(l) 
N(l) 
N(2) 
N(2) 
N(2) 
N(2) 
N(2) 
N(2) 
N(3) 
N(3) 
N(3) 
N(3) 
N(3) 
N(3) 
C(l) 
C(l) 
C(l) 
atom 
Cl(2) 
0(1) 
0(3) 
0(1) 
0(3) 
0(3) 
C(3) 
C(6) 
C(4) 
C(7) 
H(l) 
C(7) 
H(l) 
H(l) 
H(14) 
H(15) 
H(16) 
H(15) 
H(16) 
H(16) 
H(21) 
H(22) 
H(23) 
H(22) 
H(23) 
H(23) 
C(2) 
H(2) 
H(3) 
angle 
113.36(5) 
112.68(9) 
107.56(9) 
113.60(9) 
103.1(1) 
105.5(1) 
117.1(2) 
119.1(3) 
111.3(3) 
111.6(3) 
111(3) 
111.2(3) 
108(3) 
103(3) 
112(3) 
109(2) 
110(4) 
114(4) 
96(5) 
115(4) 
112(4) 
116(3) 
114(3) 
111(5) 
105(5) 
98(4) 
112.8(3) 
107(3) 
109(3) 
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C(2) 
C(2) 
H(2) 
C(l) 
C(l) 
C(l) 
C(3) 
C(3) 
H(4) 
0(1) 
0(1) 
0(2) 
N(l) 
N(l) 
N(l) 
C(5) 
C(5) 
H(6) 
C(4) 
C(4) 
C(4) 
C(6) 
C(6) 
H(8) 
0(3) 
0(3) 
0(4) 
N(l) 
N(l) 
N(l) 
C(8) 
C(8) 
C(l) 
C(l) 
C(l) 
C(2) 
C(2) 
C(2) 
C(2) 
C(2) 
C(2) 
C(3) 
C(3) 
C(3) 
C(4) 
C(4) 
C(4) 
C(4) 
C(4) 
C(4) 
C(5) 
C(5) 
C(5) 
C(5) 
C(5) 
C(5) 
C(6) 
C(6) 
C(6) 
C(7) 
C(7) 
C(7) 
C(7) 
C(7) 
H(2) 
H(3) 
H(3) 
C(3) 
H(4) 
H(5) 
H(4) 
H(5) 
H(5) 
0(2) 
C(2) 
C(2) 
C(5) 
H(6) 
H(7) 
H(6) 
H(7) 
H(7) 
C(6) 
H(8) 
H(9) 
H(8) 
H(9) 
H(9) 
0(4) 
C(5) 
C(5) 
C(8) 
H(l(^ 
H(ll) 
H(10) 
H(ll) 
110(2) 
107(3) 
111(4) 
112.6(4) 
113(3) 
112(3) 
108(3) 
110(3) 
101(4) 
124.7(3) 
114.3(3) 
121.0(3) 
112.9(4) 
111(2) 
105(3) 
109(3) 
115(3) 
104(3) 
114.2(4) 
110(3) 
107(3) 
109(3) 
106(3) 
111(4) 
125.2(4) 
115.3(4) 
119.6(4) 
112.0(3) 
104(3) 
107(3) 
111(3) 
109(3) 
H(10) 
C(7) 
C(7) 
C(7) 
C(9) 
C(9) 
H(12) 
0(5) 
0(5) 
0(6) 
N(2) 
N(2) 
N(2) 
C(ll) 
C(1I) 
H(17) 
N(3) 
N(3) 
N(3) 
C(10) 
C(10) 
H(19) 
C(7) 
C(8) 
C(8) 
C(8) 
C(8) 
C(8) 
C(8) 
C(9) 
C(9) 
C(9) 
c(io; 
c(io; 
c(io; 
c(io; 
c(io; 
c(io; 
c(ir 
c(ir 
c(ir 
c(ii; 
c(ii; 
c(ii; 
H(ll) 
C(9) 
H(12) 
H(13) 
H(12) 
, H(13) 
H(13) 
0(6) 
C(8) 
C(8) 
) C(ll) 
) H(17) 
) H(18) 
) H(17) 
) H(18) 
) H(18) 
) C(10) 
) H(19) 
) H(20) 
) H(19) 
) H(20) 
) H(20) 
113(3) 
113.3(4) 
110(3) 
112(3) 
110(3) 
109(3) 
102(4) 
126.1(4) 
116.1(4) 
117.8(4) 
114.4(4) 
107(2) 
107(3) 
110(2) 
103(3) 
115(4) 
113.3(4) 
109(2) 
110(4) 
111(2) 
111(4) 
102(4) 
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Table 6: Torsion Angles (°) with standard deviation 
atom 
Zn(l) 
Zn(l) 
ci(i) 
Cl(2) 
0(1) 
0(2) 
0(4) 
0(6) 
N(l) 
N(2) 
C(l) 
C(2) 
C(5) 
Zn(l) 
Zn(l) 
Cl(l) 
Cl(2) 
0(1) 
0(3) 
0(5) 
N(l) 
N(l) 
C(l) 
C(2) 
C(4) 
atom 
0(1) 
0(3) 
Zn(l) 
Zn(l) 
Zn(l) 
C(3) 
C(6) 
C(9) 
C(4) 
C(10) 
N(l) 
C(l) 
C(4) 
0(1) 
0(3) 
Zn(l) 
Zn(l) 
C(3) 
C(6) 
C(9) 
C(l) 
C(7) 
N(l) 
C(l) 
N(l) 
atom 
C(3) 
C(6) 
0(1) 
0(1) 
0(3) 
C(2) 
C(5) 
C(8) 
C(5) 
C(ll) 
C(7) 
N(l) 
N(l) 
C(3) 
' C(6) 
0(3) 
0(3) 
C(2) 
C(5) 
C(8) 
C(2) 
C(8) 
C(4) 
N(l) 
C(7) 
atom 
0(2) 
0(4) 
C(3) 
C(3) 
C(6) 
C(l) 
C(4) 
C(7) 
C(6) 
N(3) 
C(8) 
C(7) 
C(7) 
C(2) 
C(5) 
0(6) 
C(6) 
C(l) 
C(4) 
C(7) 
C(3) 
C(9) 
C(5) 
C(4) 
0(8) 
angle 
8.0(5) 
-23.6(6) 
55.2(3) 
-75.4(3) 
58.8(3) 
14.6(6) 
-1.7(7) 
-5.2(5) 
-72.0(5) 
82.5(5) 
-78.6(4) 
152.4(3) 
-73.8(4) 
-171.4(3) 
156.5(3) 
179.3(3) 
-60.6(3) 
-165.9(3) 
178.2(4) 
174.9(4) 
-72.8(5) 
-58.3(5) 
161.1(4) 
-82.7(4) 
156.5(3) 
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Cl(l) 
Cl(l) 
ci(i) 
Cl(2) 
Cl(2) 
Cl(2) 
Cl(2) 
Cl(2) 
Cl(2) 
Cl(2) 
0(1) 
0(1) 
0(1) 
0(1) 
0(1) 
0(2) 
0(2) 
0(2) 
0(3) 
0(3) 
0(3) 
0(3) 
0(4) 
0(4) 
0(4) 
0(4) 
0(4) 
0(5) 
0(5) 
0(5) 
0(5) 
0(5) 
H(15) 
N(2) 
C(ll) 
H(2) 
H(7) 
H(3) 
H(17) 
H(ll) 
N(3) 
0(2) 
H(19) 
H(21) 
H(18) 
C(10) 
H(14) 
H(22) 
N(3) 
H(19) 
H(18) 
H(15) 
C(10) 
H(7) 
H(21) 
H(19) 
H(15) 
H(16) 
H(22) 
H(23) 
N(3) 
H(4) 
H(21) 
H(15) 
3.28(4) 
3.477(4) 
3.533(4) 
2.88(4) 
2.97(5) 
3.13(5) 
3.20(4) 
3.35(4) 
3.410(4) 
3.495(4) 
2.53(5) 
2.98(5) 
3.33(5) 
3.406(5) 
3.42(5) 
2.31(6) 
2.969(5) 
3.35(5) 
2.52(5) 
3.22(4) 
3.447(6) 
3.48(5) 
2.18(5) 
2.80(4) 
3.06(4) 
3.44(5) 
3.56(6) 
1.78(5) 
2.708(5) 
2.84(5) 
3.04(5) 
, 3.17(4) 
1 
1 
54502 
3 
65501 
65501 
56503 
65501 
54501 
3 
54502 
54501 
54502 
54502 
54502 
56503 
56503 
54502 
1 
1 
1 
45502 
54502 
54502 
1 
1 
54502 
56503 
56503 
55404 
56503 
56503 
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Table 7: Non-bonded Contacts out to 3.60 A 
Atom 
Zn(l) 
Zn(I) 
Zn(l) 
Cl(l) 
Cl(l) 
Cl(l) 
Cl(l) 
Cl(l) 
Cl(l) 
Cl(2) 
Cl(2) 
Cl(2) 
Cl(2) 
Cl(2) 
Cl(2) 
Cl(2) 
0(1) 
0(1) 
0(1) 
0(1) 
0(1) 
0(1) 
0(2) 
0(2) 
Zn(l) 
Zn(l) 
Zn(l) 
Cl(l) 
Cl(l) 
Cl(l) 
atom 
H(7) 
H(I5) 
H(21) 
H(5) 
H(9) 
H(20) 
H(17) 
H(16) 
C(4) 
H(22) 
H(21) 
H(20) 
H(22) 
N(3) 
H(13) 
C(ll) 
H(15) 
N(2) 
H(20) 
C(ll) 
H(16) 
N(3) 
H(23) 
H(21) 
H(19) 
H(18) 
H(22) 
H(7) 
H(19) 
H(14) 
distance 
3.11(5) 
3.17(4) 
3.28(5) 
2.76(5) 
2.90(5) 
3.05(6) 
3.14(4) 
3.44(6) 
3.530(4) 
2.62(6) 
2.96(5) 
3.10(6) 
3.16(6) 
3.320(4) 
3.36(5) 
3.477(5) 
1.92(4) 
2.891(5) 
3.09(6) 
3.357(5) 
3.42(6) 
3.456(5) 
2.62(4) 
3.27(5) 
3.15(4) 
3.23(5) 
3.31(6) 
2.87(4) 
3.03(4) 
3.08(5) 
A D C 
65501 
54502 
54501 
2 
65501 
54502 
56503 
1 
65501 
56503 
54501 
56503 
54501 
56503 
3 
56503 
54502 
54502 
54501 
54502 
54502 
54501 
56503 
56503 
54502 
54502 
56503 
65501 
54502 
1 
185 
0(5) 
0(5) 
0(5) 
0(6) 
0(6) 
0(6) 
0(6) 
0(6) 
0(6) 
N(2) 
0(3) 
0(3) 
0(3) 
0(3) 
0(4) 
0(4) 
0(4) 
0(4) 
0(4) 
0(5) 
0(5) 
0(5) 
0(5) 
0(5) 
0(5) 
0(5) 
0(5) 
0(6) 
0(6) 
0(6) 
0(6) 
0(6) 
C(ll) 
H(17) 
H(19) 
H(16) 
N(2) 
H(10) 
C(10) 
H(14) 
H(23) 
H(4) 
H(12) 
H(10) 
C(8) 
H(6) 
N(3) 
H(23) 
C(ll) 
H(13) 
H(20) 
H(14) 
N(2) 
H(16) 
H(22) 
H(16) 
C(10) 
H(9) 
H(8) 
H(8) 
H(18) 
H(17) 
H(15) 
H(14) 
3.301(5) 
3.37(4) 
3.43(4) 
2.06(6) 
2.765(5) 
3.05(5) 
3.138(5) 
3.31(5) 
3.50(5) 
3.40(5) 
2.69(5) 
3.37(4) 
3.471(5) 
3.51(4) 
2.784(5) 
2.98(4) 
3.271(5) 
3.51(5) 
3.57(6) 
1.92(6) 
2.761(5) 
3.04(6) 
3.11(6) 
3.22(6) 
3.315(5) 
3.42(5) 
3.51(5) 
2.74(5) 
2.96(5) 
3.10(4) 
3.27(4) 
3.48(6) 
56503 
56503 
56503 
1 
1 
46503 
1 
1 
56503 
2 
46503 
46503 
46503 
45502 
54502 
54502 
54502 
4 
54502 
56503 
56503 
1 
56503 
56503 
56503 
46503 
46503 
46503 
1 
1 
1 
56503 
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0(6) 
N(2) 
N(2) 
N(3) 
C(2) 
C(3) 
C(3) 
C(4) 
C(5) 
C(6) 
C(6) 
C(6) 
C(7) 
C(8) 
C(9) 
C(9) 
C(9) 
C(10) 
C(ll) 
H(2) 
H(2) 
H(3) 
H(4) 
H(4) 
H(5) 
H(5) 
N(3) 
C(2) 
C(2) 
C(3) 
C(3) 
C(5) 
C(5) 
H(14) 
C(9) 
C(9) 
H(20) 
H(19) 
H(22) 
H(12) 
C(9) 
H(21) 
H(15) 
H(16) 
H(8) 
H(8) 
H(23) 
H(8) 
H(9) 
H(10) 
H(4) 
H(3) 
H(ll) 
H(ll) 
H(15) 
H(23) 
H(20) 
H(9) 
H(13) 
H(15) 
H(19) 
H(15) 
H(20) 
H(12) 
3.581(6) 
3.51(5) 
3.598(6) 
3.469(6) 
3.29(6) 
2.79(5) 
3.18(6) 
3.44(4) 
3.519(6) 
3.14(5) 
3.36(4) 
3.60(5) 
3.37(5) 
3.13(5) 
2.51(5) 
2.85(5) 
3.33(5) 
3.33(4) 
3.57(5) 
3.08(6) 
3.53(6) 
3.54(7) 
2.89(6) 
3.29(7) 
2.55(8) 
3.33(7) 
3.20(5) 
3.12(4) 
3.31(5) 
2.87(4) 
3.32(6) 
3.32(5) 
46503 
56503 
1 
56503 
54501 
54502 
56503 
4 
46503 
54502 
1 
1 
46503 
46503 
56503 
46503 
46503 
46503 
2 
45503 
45503 
45503 
54502 
54502 
54501 
44502 
56503 
54502 
54502 
54502 
54501 
46503 
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C(5) 
C(6) 
C(6) 
C(7) 
C(8) 
C(8) 
C(9) 
C(9) 
C(10) 
C(ll) 
H(l) 
H(2) 
H(3) 
H(4) 
H(4) 
H(4) 
H(5) 
H(5) 
H(6) 
H(7) 
H(8) 
H(9) 
H(10) 
H(ll) 
H(ll) 
H(12) 
H(13) 
H(14) 
H(14) 
H(l) 
H(l) 
H(2) 
H(10) 
H(18) 
H(12) 
H(18) 
H(23) 
H(6) 
H(16) 
H(14) 
H(ll) 
H(5) 
H(16) 
H(2) 
H(9) 
H(19) 
H(14) 
H(9) 
H(15) 
H(14) 
H(12) 
H(17) 
H(12) 
H(12) 
H(17) 
H(18) 
H(17) 
H(18) 
H(21) 
H(14) 
H(17) 
0(6) 
0(4) 
0(2) 
3.58(5) 
3.20(5) 
3.46(5) 
2.99(5) 
2.97(5) 
3.34(4) 
2.83(6) 
3.00(6) 
3.32(4) 
3.47(5) 
3.53(8) 
3.27(8) 
3.37(7) 
2.83(7) 
' 3.19(7) 
3.57(7) 
2.93(6) 
3.51(7) 
2.59(6) 
3.20(6) 
2.90(7) 
3.17(7) 
3.23(6) 
2.64(6) 
3.28(6) 
3.46(7) 
3.05(7) 
3.0(1) 
3.56(7) 
2.17(5) 
2.59(5) 
2.63(4) 
46503 
1 
46503 
46503 
56503 
55404 
1 
56503 
46503 
56501 
1 
45503 
44502 
54502 
54502 
44502 
54502 
54502 
4 
46503 
46503 
46503 
46503 
46503 
46503 
46503 
56503 
56503 
56503 
1 
1 
1 
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H(3) 
H(4) 
H(4) 
H(4) 
H(5) 
H(5) 
H(6) 
H(7) 
H(7) 
H(8) 
H(6) 
H(8) 
H(8) 
H(10) 
H(10) 
H(ll) 
H(12) 
H(13) 
H(13) 
H(14) 
H(l) 
H(l) 
H(2) 
H(2) 
H(3) 
H(4) 
H(4) 
H(4) 
H(5) 
H(5) 
H(6) 
H(7) 
N(l) 
0(1) 
0(5) 
0(4) 
0(1) 
0(2) 
N(l) 
N(l) 
Cl(2) 
0(3) 
H(13) 
H(10) 
H(8) 
H(18) 
H(10) 
H(20) 
H(23) 
H(23) 
H(22) 
H(16) 
N(l) 
0(2) 
N(l) 
Cl(2) 
Cl(2) 
N(l) 
0(2) 
N(2) 
Cl(l) 
N(l) 
0(4) 
Cl(l) 
2.07(5) 
2.62(5) 
• 2.84(5). 
3.05(5) 
2.51(5) 
3.11(5) 
2.04(4) 
2.01(4) 
2.97(5) 
2.57(5) 
3.21(6) 
2.74(7) 
3.4(1) 
2.60(6) 
3.44(9) 
3.26(7) 
3.36(6) 
2.52(6) 
3.37(7) 
3.07(7) 
0.85(5) 
2.49(5) 
2.02(4) 
2.88(4) 
3.13(5) 
2.67(5) 
2.90(5) 
3.40(5) 
2.76(5) 
3.37(5) 
2.59(4) 
2.87(4) 
1 
1 
4 
1 
1 
1 
1 
1 
45501 
1 
4 
46503 
46503 
46503 
46503 
46503 
56503 
56503 
56503 
56503 
1 
1 
1 
3 
45501 
1 
1 
54502 
54502 
1 
1 
45501 
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H(7) 
H(8) 
H(8) 
H(8) 
H(9) 
H(9) 
H(10) 
H(10) 
H(ll) 
H(12) 
H(12) 
H(13) 
H(13) 
H(13) 
H(14] 
H(14: 
H(14: 
H(14: 
H(15: 
H(15: 
H(i5: 
H(16: 
H(16: 
H(i6: 
H(i6: 
H(i7: 
H(8) 
H(9) 
H(9) 
H(9) 
H(10) 
H(10) 
0(3) 
N(l) 
0(6) 
0(4) 
Cl(l) 
N(l) 
N(l) 
0(6) 
N(l) 
0(5) 
0(6) 
0(5) 
0(2) 
N(3) 
N(2) 
Cl(l) 
0(6) 
1 0(6) 
0(1) 
> 0(5) 
1 0(6) 
N(2) 
1 0(5) 
> 0(1) 
1 Cl(l) 
N(3) 
0(6) 
0(3) 
0(4) 
0(5) 
0(6) 
0(3) 
3.48(5) 
2.65(5) 
2.74(5) 
3.01(5) 
2.90(5) 
3.36(5) 
1.98(5) 
3.05(5) 
2.01(4) 
2.62(4) 
2.97(5) 
2.56(5) 
2.92(5) 
3.20(5) 
0.96(6) 
3.08(5) 
3.31(5) 
3.48(6) 
1.92(4) 
3.17(4) 
3.27(4) 
0.80(6) 
3.04(6) 
3.42(6) 
3.44(6) 
2.57(4) 
2.90(5) 
2.61(5) 
2.97(5) 
3.42(5) 
2.61(4) 
3.37(4) 
44502 
46503 
45501 
46503 
56503 
56503 
2 
56503 
46503 
1 
46503 
190 
H(ll) 
H(12) 
H(12) 
H(13) 
H(13) 
H(13) 
H(14) 
H(14) 
H(14) 
H(15) 
H(15) 
H(15) 
H(15) 
H(16) 
H(16) 
H(16) 
H(17) 
H(17) 
H(17) 
H(17) 
H(18) 
H(18) 
H(19) 
H(19) 
H(19) 
H(19) 
H(20) 
H(20) 
H(21) 
H(21) 
H(21) 
H(22) 
Cl(2) 
0(3) 
N(l) 
N(l) 
0(6) 
Cl(2) 
0(5) 
N(3) 
0(1) 
N(2) 
0(4) 
0(3) 
Cl(l) 
0(6) 
0(5) 
0(4) 
N(2) 
0(6) 
Cl(l) 
0(5) 
0(3) 
N(3) 
N(3) 
N(2) 
Cl(l) 
0(5) 
Cl(l) 
Cl(2) 
N(3) 
Cl(2) 
0(5) 
N(3) 
3.35(4) 
2.69(5) 
3.32(5) 
2.77(5) 
3.05(5) 
3.36(5) 
1.92(6) 
- 3.10(5) 
3.42(5) 
1.01(4) 
3.06(4) 
3.22(4) 
3.28(4) 
2.06(6) 
3.22(6) 
3.44(5) 
2.00(4) 
3.10(4) 
3.14(4) 
3.37(4) 
2.52(5) 
3.32(5) 
2.08(4) 
2.66(5) 
3.03(4) 
3.43(4) 
3.05(6) 
3.10(6) 
0.72(5) 
2.96(5) 
3.04(5) 
0.95(6) 
45501 
46503 
1 
1 
1 
3 
56503 
1 
2 
1 
1 
1 
1 
1 
56503 
1 
1 
1 
56503 
56503 
1 
1 
1 
1 
2 
56503 
2 
56503 
1 
56501 
56503 
1 
191 
H(22) 
H(22) 
H(23) 
H(23J 
H(23) 
H(17) 
H(18) 
H(18) 
H(18^ 
H(19) 
H(19] 
H(19) 
H(20] 
H(20] 
H(20) 
H(21) 
H(21] 
H(21] 
H(22] 
H(22] 
H(23] 
H(23) 
H(23) 
Cl(2) 
€1(2) 
0(5) 
0(4) 
0(6) 
CI(2) 
N(2) 
0(6) 
0(1) 
0(1) 
0(4) 
0(2) 
N(3) 
0(1) 
N(2) 
0(4) 
0(1) 
0(2) 
0(2) 
0(5) 
N(3) 
0(2) 
N(2) 
2.62(6) 
3.16(6) 
1.78(5) 
2.98(4) 
3.50(5) 
3.20(4) 
2.06(5) 
2.96(5) 
3.33(5) 
2.53(5) 
2.80(4) 
3.35(5) 
2.01(6) 
3.09(6) 
3.28(6) 
2.18(5) 
2.98(5) 
3.27(5) 
2.31(6) 
3.11(6) 
0.97(5) 
2.62(4) 
3.00(4) 
56503 
56501 
56503 
2 
56503 
56503 
1 
1 
2 
2 
2 
2 
1 
56501 
1 
2 
56501 
56503 
56503 
56503 
1 
56503 
1 
The ADC (atom designator code) specifies the position of an atom in a crystal. The 5-
digit number shown in the table is a composite of three one-digit numbers and one 
two- digit number: TA (first digit) + TB (second digit) + TC (third digit) + SN (last 
two digits). TA, TB and TC are the crystal lattice translation digits along cell edges a, 
b, and c. A translation of 5 indicates the origin unit cell. If TA = 4, this indicates a 
translation of one unit cell length along the a- axis in the negative direction. Each 
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translation digit can range in value from 1 to 9 and thus ± 4 lattice translations from 
the origin (TA = 5, TB = 5, TC= 5) can be represented. 
The SN or symmetry operator number, refers to the number of symmetry operator 
used to generate the coordinates of the target atom. A list of symmetry operators 
relevant to this structure are given below. 
For a given intermolecular contact, the first atom (origin atom) is located in the origin 
unit cell and its position can be generated using the identity operator (SN = I). Thus, 
the ADC for an origin atom is always 55501. The position of the second atom (target 
atom) can be generated using the ADC and the coordinates of the atom in the 
parameter table. For example, an ADC of 47502 refers to the target atom moved 
through symmetry operator two, then translated -1 cell translations along the a axis, 
+2 cell translations along the b axis and 0 cell translations along the c axis. 
An ADC of 1 indicates an intermolecular contact between two fragments (e.g. cation 
and anion) that reside in the same asymmetric unit. 
Symmetry Operators: 
(1) X, Y, Z (2) -X, 1/2+Y, 1/2-Z 
(3) -X, -Y, -Z (4) X, 1/2-Y, 1/2+Z 
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Preparation o/DNA solution 
Solution of Calf Thymas DNA was prepared in sterilized 10 mM Tris-HCl 
buffer, pH 7.4. The concentration was determined by using equation: 
(OD26o=l = 50n/ml) 
The solution was stored at 4°C and was used without further purification. 
Preparation of DPA solution 
1.0 g of diphenylamine was accurately weighed and dissolved in about 50 
ml of glacial acetic acid. To this 2.75 ml of concentrated sulfuric acid was added 
and mixed thoroughly. Volume was made up to 100 ml by glacial acetic acid. A 
freshly prepared solution diphenyamine was used through out the investigations. 
Estimation of DNA by DPA method 
A calibration curve for DNA estimation prepared as follows: 
Aliquots were taken out in different test tubes from standard solution of 
Calf thymas DNA (0.875 mg/ml) in order to achieve a concentration range of 25-
300 nM. Volume in each test tube was made up to 2.0 ml by 10 mM Tris-HCl 
buffer. To each test tube 4.0 ml of freshly prepared DPA solution was added. A 
parallel control was also prepared as reagent blank. All the tubes containing the 
reaction mixture were then heated in boiling water bath for 30 minutes, until a 
blue color develops. The absorbance was read at 600 nm against the reagent blank 
on Cecil double beam spectrophotometer CE-594, using quartz cuvettes of 1.0 cm 
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path length. The graph between absorbance at 600 nm and the concentration of 
DNA (Fig. 1) yielded the following straight-line equation: 
(Absorbance)6oonm = (1.164 .10"^) nM of DNA -0.009. 
Above equation was used through out the experimental work to determine 
the concentration of acid nucleotide. 
Binding analysis of complex [H2enJ^^[ntpZnChJ '^ I 
The fluorescence intensity values at emission maximum (325nm) were 
used for calculating the relative fluorescence, considering the fluorescence 
intensity of untreated control as 100. The least square analysis of the initial linear 
points of relative fluorescence versus nucleotide to compound 1. molar ratio was 
used to determine the maximal quench, m (slope of the plot) from the following 
equation (F = Fo-mR); where, F is the fluorescence intensity at nucleotide to 
compound molar ratio (R) and Fo is fluorescence intensity of nucleotide at zero 
compound concentration. Using the data points exhibiting deviation from the 
straight-line behavior, the fractional quench, Q was determined at each 
nucleotide/compound molar ratio (R). This is obtained from the equation (Q = FQ-
F/m). Fractional quench, Q is linearly related to compound binding: (compound-
nucleotide)/(compoimd) T=Q, where, the (compound) T represent the total 
compound concentration. Binding affinity (Ka) and Binding capacity (n) were 
determined from the slope and intercept on X-axis of the straight line on the 
scatchard plot"'° Q vs. Q/(R-Q) (compound) T. 
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50 100 150 200 250 300 
DNA Concentration ((iM) 
Fig. 1 
196 
Chapter - 6 
RESULTS AND DISCUSSION 
The compounds, 1 ^ were stable to atmosphere and found to be soluble in 
distilled water. The molar conductance values (Table-8) recorded in distilled 
water correspond to 1:1 electrolyte nature of the compounds^' while analytical 
data of the compounds (Table -8) agree well with the proposed composition. 
Infrared spectra 
Mode of bonding including hydrogen-bonding interactions found in the 
solid state by X- ray diffraction studies were correlated with IR study. The IR 
spectra of the compounds 1^ 3 consist of characteristic IR bands for protonated 
amine cation and carboxylate groups (Table-9). The v(NH) absorption of the 
protonated amine consist''*'^ '^^ ^ of a strong band around 3216-3210 cm'' and a 
broad band around 3061-3051 cm"' suggesting that one of the NHs"^  group of en is 
free while other is involved in some hydrogen bonding interaction (Hi6 Oe) 
which typically causes a broadening and shift to lower frequency. The appearance 
of an absorption band in the region 2948-2915 cm''may be assigned to the (NH"*^ ) 
vibration expected due to zwitterion whose position is consistent with the 
hydrogen bonding interactions [(Nl-Hl—02 = 2.49 (5), (Nl-Hl-—06 = 2.17 
(5)A* ]^. The IR spectra of all the compounds exhibit characteristic bands in the 
region 1625-1618 cm'' and 1371-1364 cm"' corresponding to antisymmetric 
stretching, Vas(COO) and symmetric stretching Vs(COO) mode of vibrations with 
frequency difference (A) of ca. 250 cm"' suggesting '^* the unidentate coordination 
mode of carboxyl group and further corroborated by X-ray data. However, 
appearance of an additional band ca. 1525-1500 cm"' in the IR spectra of all the 
compounds may reasonably be assigned to v(COO) for a non- coordinated 
carboxyl group. The lowering in frequency as compared to the coordinated one 
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may be due to hydrogen bonding with protonated en N2-H16-—06=2.06(6) A° 
The absence of characteristic band ca. 1750-1700 cm'' in all the compounds 
attributed "^''^  to carboxylic group (-COOH) indicates the complete deprotonation 
of carboxylic groups in the Zwitterion, [NH''(CH2CH2COOH)2(CH2CH2COOr • 
Medium intensity bands in 298-290 and 460-440 cm'' regions may be assigned to 
M-Cl and M-0 vibrations. 
'H-NMR spectra 
Further confirmation regarding the structure of the compounds was 
obtained by the 'H-NMR spectra which show the absence of a peak around 10.9 -
8.38 ppm corresponding to protons of -COOH groups of ntp ligand thus 
indicating the deprotonation of carboxylic groups of Zwitterion, 
[NH*(CH2CH2COOH)2(CH2CH2COO)-]. A singlet at 3.1, 3.4 and 3.2 ppm 
correspond^^ to resonance peak for CH2 protons of protonated en (4H, H3N"^ -CH2-
CH2-NH3'*") for 1, 2 and 3 , respectively. Owing to the close proximity of 
resonance frequencies corresponding to CH2 protons adjacent to carboxyl group 
(6H, C-CH2-COO) and CH2 protons adjacent to tertiary nitrogen (6H, N-CH2-C) 
of ntp '^ in all three compounds, it could not be possible to resolve their individual 
frequencies rather a broad resonance signal around '^' 3.5-3.7 ppm was observed. 
However, the proton resonance signals expected for protonated ethylenediamine 
moiety and the protonated tertiary amine group of ntp ' could not be observed due 
to deuterium exchange leading to a breakdown of helicate structure by loss of 
hydrogen bonding interactions. 
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Crystal structure of [(H2en)(ntpZnCl^ln I 
The X-ray analysis performed on a single crystal of 1_ revealed a 
single stranded helical structure sustained by both coordinate and 
hydrogen bonds. The structure of the compound (Fig.2 and Fig. 3) consists 
of Zn(II) ions which are sequentially linked by two of the carboxylate 
units of ditopic ntp^" ligand formed in situ due to the deprotonation of 
Zwitterion, [NH*(CH2CH2COOH)2(CH2CH2COO)~] by en. This ditopic ligand 
ntp '^ coordinates in an antimonodentate manner to generate a polymeric 
coordinative chain evident"''* from Zn-0 bond distances [Znl-OI = 1.987(3)A°, 
Znl-03 = 1.977(3)A°]. Thus it appears that en shows the template effect, which 
triggers carboxylate bridged polynuclear compounds. This polymeric coordination 
compound is also sustained by hydrogen bonding interactions [HI ...02 = 2.49(5), 
HI...06 = 2.17(5) A]. Further, intrastrand hydrogen bonding interaction between 
CU and hydrogen atom H5 attached to the carbon atom C2 in the helical chain 
[H5...C12 = 2.76(5) A] plays an important role in stabilizing the resulted helical 
motif As shown in Fig. 2, H2en^ "^  molecules are incorporated into the groove of 
the helical chain by forming a hydrogen bond between the ammonium group of en 
and the oxygen atom 06 of the metal-free carboxylate group of ntp [H16...06 = 
2.06(6) A]. In the crystal lattice, left handed (M) and right handed (L) helical 
chains co-exist with an equal molar ratio. The geometry around each zinc center is 
tetrahedral defined by two oxygen donors from different ntp ligands and two 
chloride anions [Znl-Cll = 2.230(1) A°, Znl-C12 = 2.277(1) A°]. Thus, specific 
conformation of the ligand and therefore the compound itself is primarily 
governed by the interplay between possible versatile coordination modes and the 
flexibility of the ntp ligand and various hydrogen bonding interactions. 
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Fig. 2 
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Fig. 3 
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P^*H(J 
Fluorescence measurements of the helical [H2enJ^^[ntpZnCh] '^polymer 
The interaction of the compound \ with calf thymus DNA was analyzed by 
measuring the changes in the intrinsic fluorescence of compound at different 
nucleotide/compound molar ratios. A marked quenching effect was observed by 
the addition of DNA in the fluorescence emission spectra of the compound. The 
emission spectra observed was further interpreted as shown in Figure 4. This 
showed concentration dependent fluorescence quenching pattern of the 
compound. Figure 5 shows the scatchard ^^  plot for the binding of compound to 
calf thymus DNA. The slope and the intercept of the straight line obtained from 
Scatchard analysis gives the apparent association constant (Ka) = 5.80 x 10^  M'' 
and the number of available binding sites per nucleotide phosphate (n) = 0.19, 
which is equivalent to ~ 15 nucleotide per compound binding site. 
The data suggest that the compound exhibits good binding constant, which 
illustrates its binding ability to the DNA helix. This nature of the structure may 
also contributes to its better-fit position. This single stranded, helical structure of 
the compound with its tight binding to the DNA could be exploited to down 
regulate several undesirable expressed genes and so the technology might be 
analogous to antisense technology. 
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